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SC 
DX GAS UNITS 
FOR 


CONTROLLED 
ATMOSPHERE 
FURNACES 


e Improved Quality. 
e Reduced Production Costs. 


DX Gas will Replace Straight 
Natural Gas where Used as an 
Atmosphere at a Saving of 


More than 75% 


SC Standard DX gas preparation unit which supplies controlled atmos- 
phere gases to muffle of heating furnace. Standard size units are avail 
able in capacities from 500 to 15,009 cubic feet per hour 


The Surface Combustion DX Unit for preparing 


gas used for bright annealing is now available 


this SC controlled atmosphere furnace « 
greatly reduced production costs 


for use with existing furnaces such as box anneal- 
; ing, etc. Many of these units are in use pro- 
ox ducing dependable and economical gas for 


controlled atmosphere furnaces. 


SC Controlled Atmosphere Furnace for h 
treating cam shafts 


‘ 
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Continuous be!t type muffle furnace for brist 
annealing copper and brass tubing in streia! 
lengths and coils 


stion 


OHIO. 
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Continuous belt type muffle furnace for annealing steel and brass bearing parts. pd 
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Sivyer Steel Casting Co. arranged some valve castings made of chromium 
nickel steels in a strikingly effective manner. 


Dr. Mathews presents data taken from tests on commercial heats of colum- 
bium-bearing 18-8, verifying Becket and Franks’ statements that this alloy 
prevents embrittlement either by high temperature or by intergranular 
corrosion. 
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A man who has been responsible for carburizing operations on quality 
products for 20 years, more or less, summarizes his experience with various 
methods of gas carburizing, and says it is satisfactory if a few fundamental 
precautions are taken. 
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BEARING steel must 
be clean steel, and by clean we mean just 
about the closest approach to the absolute 
in cleanliness that has been attained in 
steel-making. This is so important because, 
in steel of the extreme hardness used in 
bearings, the most minute inclusion may 
form the nucleus of a fracture. 

Cleanliness is, of course, fundamental and 
taken for granted in making all alloy steels. 
Sut in making bearing steels Bethlehem en- 
‘orces a standard of cleanliness as far ahead 


{ the usual standards of good practice as 


| 
| 


ll | 


the surgeon’s standard of cleanliness 1 
ahead of the layman’s. 

In addition to cleanliness, Bethlehem 
Bearing Steels have machinability that 
keeps production costs low, uniform heat- 
treating characteristics that simplify control 
of the hardening operations, and controlled 
grain-size that assures the maximum physi- 
cal properties that the analysis is capable of 
developing. 

No wonder Bethlehem’s output of bearing 


steel is steadily increasing. 


BETHLEHEM ALLOY STEELS 
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BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


Low Carbon 18-8 Castings by Sivyer Steel Casting Co. 
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By John A. Mathews 


to stabilize 18-8 steel 


Epiron’s Nore: Dr. Mathews has forwarded 
this material as a supplement to his chapter on “Al- 
lov Modifications of 18-8" in the second edition of 
rhe Book of Stainless Steels. His findings give in- 
dependent verification of the utility of this alloying 
addition, based, as they are, on studies of 8-ton 
heats made under commercial conditions rather 
than on experimental melts. 


HE latest addition to the 18° chromium, 8‘, 

nickel steel is columbium. This improve- 
ment was described by F. M. Becket and Russell 
Franks of Union Carbide & Carbon Research 
Laboratories before the February meeting of the 
American Institute of Mining & Metallurgical 
Engineers. 

The specific advantage of columbium is in 
retarding susceptibility to intergranular corro- 
sion, particularly after long holding at temper- 
atures from 1000 to 1500° F.. when the use of the 
alloy requires operation within that range. 

The commercial use of columbium in ferrous 
ietallurgy is quite new. The receipt for making 
rabbit pie begins, “First catch your rabbit”; Dr. 
Becket and his associates had to search for co- 
‘umbium-containing minerals and, having found 
‘hem, develop a process for converting them into 
errocolumbium. 

It is well known that considerable difliculty 
is been experienced with the deterioration of 
mmercial 18-8 steels, especially alongside the 
lded joints, when subjected to heat and = se- 
rely corroding fluids. Two manifestations of 
is change are intergranular attack by corro- 
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sives and reduced impact values. (It is fre- 
quently overlooked, however, that the soaking 
temperature which produces maximum suscep- 
tibility to intergranular attack is not the same 
temperature at which minimum resistance to im- 
pact occurs upon reheating the 18-8 steel or its 
modifications; the temperature for lowest impact 
resistance is usually about 200° F. higher.) The 
columbium addition is stated by Becket and 
Franks to improve both of these potential weak- 
nesses in the 18-8 steel. 

The columbium modification shows very 
great resistance to intergranular susceptibility 
after reheating for long periods between 600 and 
1600° F. when tested by the copper-sulphate sul- 
phuric acid method (boiling in 6°. copper sul- 
phate solution containing 10° sulphuric acid). 
The presence of approximately four times as 
much columbium as carbon diminishes the range 
of temperature through which the austenitic 
steels are made susceptible to grain boundary 
attack, and when the ratio of columbium to car- 
bon is increased to about seven to one, a marked 
improvement is obtained — although it may still 
be possible to disintegrate the steel by hot copper 
sulphate in sulphuric acid. A columbium ratio 
of ten times the carbon vielded steels that failed 
to disintegrate in that solution after either a long 
or a short stay between 600 and 15000 F. 

When the carbon is very low, columbium 
tends to correct the loss of toughness resulting 


from exposure in the range of 1200 to 15007 F, 
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The columbium addition has relatively little ef- 
fect on the general static properties in the an- 
nealed condition. (It is to be noted in Becket 
and Franks’ paper that their annealing temper- 
ature was unusually high, namely, 21007 F. It 
is generally recognized that annealing from ex- 
cessively high temperatures is more deleterious 
to the steel when reheated in the embrittling zone 
than when the annealing is performed at lower 
temperature, such as 19007 F., or when the ma- 
terial is given a stabilizing anneal at from 1550 
to 16500 BF.) 

‘cheating the austenitic 18-8 steel and its 
modifications from 1000 to 11000 F. usually re- 
sults in a lowering of general over-all corrosion 
resistance, but this over-all corrosion may or may 
not be accompanied by a tendency to intergran- 
ular attack, depending upon the electrolyte. 
When tested in hot 65% nitric acid, the two 
effects are additive, while if samples are tested 
with copper sulphate and sulphuric acid, there 
is no general attack but an intergranular corro- 
sion only. It is because of the very highly select- 
ive nature of the latter test that we prefer it to 
any other, because it shows up the one thing in 
which we are interested, namely, intergranular 
susceptibility. 

To illustrate: Tests were made of a colum- 
bium-bearing heat of carbon, 9.0%. nickel, 
17.6%) chromium and columbium. In this 
steel the columbium to carbon ratio is a little 
better than four to one. Samples were given 


either a stabilizing anneal at 1600° F. for 6 hy 
or a quench after a stay at 1900° F. The mate 
rial was then subjected to boiling 65‘~ nitric acid 
following reheating temperatures of 1100, 1200 
and 1300° F. These reheating temperatures wer 
continued for two different periods, namely, 10 
min. and 16 hr. 

For the shorter reheating period there was 
practically no increase in the nitric acid attack 
as compared with the simple annealed materia! 
not reheated to the dangerous range. But when 
the reheating was continued for 16 hr. there was 
an increase in nitric acid attack, particularly 
after the 1100 and 1200” F. treatments, both in 
the stabilized condition and in the 1900” F. an 
nealed condition. However, the increased losses 
following specific heating conditions with the 
columbium steel were a very small fraction of 
the losses obtained on a KA-2 S (low carbon 
18-8) steel of the same composition but without 
columbium, and similarly treated. 

Although the nitric acid resistance was de- 
creased by long reheating, it was found that none 
of the columbium-bearing samples showed inter- 
granular attack in boiling acid copper sulphate 
solution after 220 hr. In this case, therefore, 
even a four to one columbium ratio has proven 
very effective in preventing intergranular sus- 
ceptibility. It has also proven very helpful in 
cutting down over-all corrosion as compared 
with plain KA-2 S, even though there was noted 
some increase in the attack by nitric acid after 


Twenty-Ton Fractionating Tower (6%. Ft.) Being Welded of 
*S-In. Plates of 18-8 Stainless Steel. Photo courtesy Lincoln Electric Co, 
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Beauty of Architectural Line Accentuated by Stainless Steel 
Sheet and Bars. Photo courtesy Crucible Steel Co. of America 


ited metal will then still be sufficiently high to 


holding the sample 16 hr. at 1100 and 12007 F. 
insure resistance to intergranular attack after 


It is too early to predict what ultimate use- 
ilue the columbium addition will have, but it 
seems quite probable that for welded construc- 
on intended for service in the embrittling zone 
| temperatures it may find a useful application. 
Velding rod to be used on such construction 


ould preferably have a columbium content not 
After making although there will be an appreciable decrease 
in the columbium remaining in the weld metal. 


reheating. Columbium is fairly readily oxidized, 
but the loss in welding will not be nearly so great 
as the loss of titanium in the rod containing the 
latter element. Our experience is that practi- 
cally all of the titanium is lost during deposition; 
this will not be the case with columbium steels, 


ss than ten times the carbon. 
e weld the columbium remaining in the depos- 
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By H. W. McQuaid 
Republic 


detroit 


Steel Corp 


GAS 


a discussion 


of shop practices 


AS carburizing is, when properly conducted, 

one of the simplest processes, and can pro- 
duce a case of any reasonable characteristics as 
to carbon concentration, depth, and gradation. 
Unfortunately, many metallurgists have acquired 
the impression that there is something occult 
about the operation, and that there is expensive 
and delicate equipment required. In an attempt 
to clear away this fog, this discussion of gas car- 
burizing is intended to be as free from theory 
as possible. In fact, it is hoped that it will not 
be necessary to use any chemical formulas or 
mathematics. It is hoped that the practical fun- 
damentals of gas carburizing will be made clear 
in the simplest form without sacrificing accuracy 
or introducing misleading analogies. 

During the last ten years there have ap- 
peared many articles describing supposedly new 
methods of gas carburizing. Many very excellent 
investigations have also been published concern- 
ing the reactions between the various gases which 
enter into the case hardening process and their 
effects on the steel. A number of technical arti- 
cles concerning gas carburizing begin by describ- 
ing the antiquity of carburizing and comment on 
the slow, uneconomical and dirty methods sup- 
posedly inseparable to the process of carburizing 
with solid compounds. It is frequently stated 
that the latter is essentially the same process as 
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it was a hundred years ago when charcoal and 
carbonates were mixed into home-made cas: 
hardening or cementing materials. 

It is usual also to find in most articles an 
equation showing that two parts of carbon mon 
oxide under certain conditions will form on 
part of free carbon plus one part of carbon di- 
oxide ——and that under other conditions this 
reaction reverses. This forms a simple explana- 
tion of the source of carbon in pack carburizing 
by which the outside layers of the hot steel ob 
tain an increasing amount of carbon. It ts 
sometimes said that the carbon monoxide gas 
actually penetrates the metal and then gives up 
its carbon; any oxygen resulting in the break 
down of the carbon monoxide then must find its 
way back out to the surface. Just how this could 
be done was never clear, vet for many years 
there have been advocates of the gaseous theor) 
of carbon absorption who firmly believe that ca! 
bon is actually carried into the steel by a gas 

Whatever the actual mechanism of the pro: 
ess (and more will be said about this later), o! 
of the primary objects of the researches on ¢ 
carburizing was to shorten the process (increa: 
the rate of penetration) as compared to the co 
ventional operations with solid compounds. M: 
of the proposed methods described what w« 


essentially closed retorts containing the wo! 
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which carburizing gas could be introduced and 
n by special manipulation, according to the 
-entors’ theory, the special gases or processes 
suuld result in greatly shortening the time re- 
ired. It was recognized on all sides that car- 
nm monoxide of itself was an extremely slow 
id relatively unreliable carburizer. Just how 
is poor carburizing gas could act so well in a 
carburizing 
Neverthe- 


less, it was not difficult to show that pure carbon 


wburizing box containing solid 
ompound was hard to understand. 


monoxide gas is not a commercial carburizer. 


Action Speeded by Hydrocarbons 


Most of the processes which were intended 
to improve gas carburizing required, therefore, 
the addition of one or more hydrocarbon gases 
to obtain satisfactory results. Since these hydro- 
carbons were unstable at the carburizing temper- 
ature and deposited carbon on the work at a 
very fast rate, the problem then became one of 
soot control. It is known that coke deposited 
on the work from the break-down of liquid hy- 
drocarbons, or soot from hydrocarbon gases, 
immediately interferes with the ability of the 
austenite to take up carbon. 

This instability of the hydrocarbon gases was 
in some cases overcome or reduced by changing 
the temperature or pressure, and 
in others by diluting with gases 
such as nitrogen, ammonia, or 
city gas. In still other processes 
the soot was permitted to deposit 
on the work and oxidizing gases 
were then introduced (such = as 
wet carbon dioxide, or in some 
cases straight carbon dioxide) to 
remove this soot by combination. 
In doing this, one method was to 
shut off the soot-producing gases 
for a short time and during this 
interval to introduce oxidizing 
sases of some sort. 

In appraising the commercial : 

lility of any of these schemes it 
is well to bear in mind the simple 
fundamentals. The prime neces- 
\y for carburizing of any kind 
to have carbon available at the 
irface of the steel in such a condition that it 
ll dissolve in the surface austenite as fast as 
¢ inward diffusion of the carbon already in the 
stenite will permit. Diffusion of carbon in a 
en steel depends only on time and tempera- 
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| VecQuaid writes with 
frem long and rich experi- 
ence with carburizing prob- 
lems, not only with rollers. 
cups and cones for roller 
bearings, but with automo- 
bile transmission gears 
made of various alloy 
steels. His verdict that gas 
carburizing ts simple if a 
few fundamental pre- 


is therefore authoritative. 


ture, and the surface austenite can only dissolve 
additional carbon as diffusion from the surface 
inward reduces the carbon concentration at the 
surface below the equilibrium percentage for the 
given temperature. 

It is quite evident, therefore, that it is hope- 
less to try to speed up the rate of carbon pene- 
tration by varving the carburizing medium, and 
it has been quite well established that diffusion 
of carbon is independent of the carbon concen- 
tration on the surface, or the manner in which 
the carbon is supplied to that surface. There- 
fore, if we wish to increase the carbon penetra- 
tion for a given steel we must cither increase 
the temperature or lengthen the time at temper 
ature or both. 

it is important at this time to point out the 
fact that the time and temperature, at heat, of 
work packed in solid compounds varies consid- 
erably in the conventional commercial practice 
from the data recorded on the pyrometer chart 
for the furnace. Tt has been determined that a 
given part will carburize at exactly the same 
rate in solid compound as it will in gas, if the 
time and temperature conditions are exactly the 
same. This can be checked by using thin sheet 
metal containers, with a small amount of com- 
pound, and recording carefully the time and 
temperature of the work by an accurate couple. 

Thus it has been found quite 
possible on a commercial basts to 
obtain a case depth of 0.060) in. 
in hr. total time at 17007 
solid) carburizers, which 
checks very closely the time re- 
quired at this temperature in a 
vas carburizing furnace. The in- 
sulating effect of most carburiz 
ing compounds is very great, and 
the delay due to this reason gen- 
erally explains the difference of 
time between gas carburizing and 
solid) carburizing, although, of 
course, the fact that the contain- 


ers themselves must be heated 


observed, 
each time is also another impor- 
tant factor. 

It should also be evident that 
the pressure of the gas used for 
carburizing has little or no rela- 
tion to the rate of diffusion of solid or atomic car- 
bon in austenite, and therefore the depth of case. 
Some metallurgists contend that by increasing 
the pressure in the carburizing container from 
8 oz. to 15 Ib. per sq.in., the rate of carbon pen- 
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etration was materially increased. There is no 
doubt that the time in carburizing was. short- 
ened, but the improvement was due, not to an 
increased diffusion rate, but rather to an in- 
creased stability of the hydrocarbon gases under 


the increased pressure. 
Temperature Most Important Factor 


The most important factor, therefore, in in- 
creasing the rate of penetration of carbon. is 
temperature. This means, of course, the temper- 
ature of the work itself. Every effort should be 
made to bring the work up to heat in the shortest 
possible time. This is difficult to do with large 
boxes containing an insulating medium such as 
charcoal carburizing compound. However, con- 
siderable improvement can be made by the use 
of sheet metal containers, by decreasing the 
amount of carburizing compound between con- 
tainer and work, and in some cases by using 
specially designed containers which conform to 
the shape of the individual piece. 

The importance of the ratio of carburizing 
compound to work has been very much magni- 


fied. With a container of correct design it h; 
been found that very much less compound 
required than has been usually recommende: 
In one plant carburizing ring gears the time h; 
been decreased, solely by a change in box d 
sign, from an average of 17 hr. to 7 hr. for a cas; 
of 0.050 to 0.060 in. deep. At the same time, th: 
ratio of compound to work has been decreased 
to a figure which would be considered impos 
sible in most plants. 

Gas carburizing, as we know it, has the pa: 
ticular advantage over a solid carburizing opera 
tion in that the work can be brought to heat 
much more rapidly; carburizing is therefore pro 
ceeding at a much higher percentage of the total 
time the work is in the furnace. However, sinc 
temperature alone controls the rate of penetra- 
tion for a given steel, all we can hope to gain by 
the study of the gas to be used is a knowledg: 
which will enable us to obtain a case with the 
desired carbon content at the surface and to elim- 
inate those variables which result in uneven cases 
and low carbon cases which result in rejected 
work. Since the operating details are of great 
importance, it would be well to consider first 


Charging End of Continuous Gas Carburizing Furnace, Installed for Olds Motor Co, by 
Surface Combustion Co. Notice gas lock into which a load of cam shafts is about to enter 
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at happens when the carburizing gas comes 
contact with the hot steel, in the austenitic 
ndition. 

If the gas is nothing but carbon monoxide, 
re is an immediate tendency to break down 
form free carbon and carbon dioxide, which 
ndeney is increased or “catalyzed” by the pres- 

ace of the austenite. Consequently, carbon 
ionoxide can supply some carbon for solution 

the austenite, although the action is relatively 
very slow as compared with some hydrocarbons. 
Whether this reaction proceeds at all in pure 
dry carbon monoxide without circulation is not 
certain, and unless there is a high percentage of 
carbon monoxide and some incandescent car- 
bon nearby to reduce the carbon dioxide back to 
carbon monoxide, we immediately arrive at an 
equilibrium between austenite, carbon monoxide, 
and carbon dioxide, and then carburizing stops. 

The presence of a small amount of water 

vapor will tend to slow down the reactions which 
furnish carbon to the surface of the hot steel, 
so that solid compounds containing moisture are 
very poor carburizing agents. 


Since carbon monoxide is such a poor source 


Discharge End of Same Furnace. 


of carbon in the absence of relatively large 
masses of incandescent carbon, it does not pro- 
vide satisfactory agent in gas carburizing. 
Therefore we must use a gas which supplies car- 
bon at a greater rate to the austenite. We have 
for this purpose many gases and mixtures rang- 
ing from ordinary carburetted water gas to the 
chemical compounds such as propane or butane, 
rich in available carbon. The latter gases pre- 
sent the difficulty that they deposit carbon too 
rapidly so that the work becomes coated with 
a soot (and in some cases, coke) which interferes 
with the reaction between the carbonaceous gas 
and the austenite. 


Atomic Carbon Necessary 


It is apparently necessary that carbon must 
have a nascent or atomic form to be dissolved 
by austenite; it cannot enter into solution if it 
is in the form of soot or coke. The problem 
then becomes one of first supplying gas which 
will, in the presence of austenite, break down 
to form atomic carbon, but will not in commer- 
cial operation build up molecular carbon in the 


Cracking and conditioning triple-unit, 


together with control panels, for the carburizing gas in central foreground 


_Y, 1934 


25 


4 
— 


form of soot to interfere with the contact be- 


tween the steel and the hydrocarbon gas. Tests 
have shown that the presence of even a small 
laver of soot reduces the case depth consider- 
ably, so that we must develop some means for 
controlling the rate of carbon deposit if we are 
to carburize satisfactorily. 

The 


described in 


intermittent method of Guthrie, 
METAL 1931. 


provides one method of overcoming the difliculty. 


surge 
Procress, November, 
In many applications it has proven commercially 
successful. In my opinion it introduces some 
operating complications and does not improve 
the case obtained as compared with methods 
using a properly controlled rate of carbon deposi- 
tion. Likewise Cowan’s method of introducing 
an oxidizing or flue gas with the carburizing 
the 


(described in Mrerat Progress, February, 1932) 


gas to remove soot as fast as it is formed 
is extremely difficult to control with such gases 
as propane or butane, which deposit soot at a 
rapid rate. 

Cowan's method has been quite satisfactory, 
however, when used with a more stable gas, such 
as natural gas containing a very high percentage 
of methane. Even in these circumstances, | am 
doubtful whether the results obtained are as good 
as those which would be obtained by reducing 
the rate of carbon deposition of the methane. 

Most of the articles on gas carburizing de- 
scribe supposed methods of increasing the ac- 
tivity of carbon monoxide gas by adding some 
hydrocarbon, but what is really happening is 
that the carbon monoxide (or the lean city gas) 
Due 


to the dilution of an active hydrocarbon by the 


is diluting the richer hydrocarbon gases. 
relatively inert (to the carburizing operation) 
carbon monoxide, carbon is deposited on the 
work at a very much reduced rate and within 


controllable limits. The rate of deposition of 
carbon from a given hydrocarbon gas on work 
in a gas carburizing furnace can be controlled 
by the addition of a diluting gas such as nitrogen, 
city gas, or carbon monoxide. This actually con- 
trols the rate at which carbon is added to the 
austenite, permits a very satisfactory commercial 
operation, and eliminates need for carefully de- 


signed control units and constant supervision. 


Commercial Considerations 


The usual method for establishing the proper 
proportions is to start off with a lean gas mix- 
ture and increase the hydrocarbon content until 


the most satisfactory case is produced. Propor- 
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tions can be varied over a considerable ran 
without any noticeable change in the results, 
the 


plant it can be obtained by means of gas met: 


that commercial control is easy. In usu 

and valves, because the proportions need not | 

changed over long periods of time. 

It will be found that uniformity, even 

a controlled atmosphere which gives satisfacto) 

case characteristics, will not be obtained unless 
the velocity of the gas in contact with the su 
face to be carburized is above a certain minimum 
this reason it becomes immediately 


rate. For 


necessary to have suflicient circulation of the 
gases in the retort, so that every part to be car- 
burized is swept by the carburizing gas. In some 
cases, Where the parts are intricate or circulation 
is impeded, it will be necessary to increase the 
rate of flow considerably above the minimum 
necessary for satisfactory results in more ex- 
posed pieces. Stagnation is to be eliminated by 
all means; turbulence is a very important factor 


in obtaining uniform results. 
Temperature Must Be Constant 


The uniform 
through every piece, if uniform results are to be 
but it 


Many furnaces 


importance of temperature 


obtained, has not been. stressed, is, of 
course, a very important factor. 
have failed to produce uniform carburizing re- 
sults because of different temperature gradients 
at top and bottom in the pit type furnace, and 
from one section to another in the retort type. 
It should be needless to say that most careful 
attention must be given to the temperature, so 
it will be maintained within plus or minus 5° F. 
in every part of the work, if the most uniform 
results are to be obtained. This is not easy, but 
is possible. By controlling the stability of the 
carburizing gas by dilution, and carefully con- 
trolling the 


possible to obtain very satisfactory and economi- 


temperature and time at heat, it is 


cal results in a properly designed unit. 

Where low carbon cases are particular!) 
required, such as in bearings, it is generally ne« 
essary to establish a diffusion period during 
which the carbon is not being supplied at th 
surface, but is diffusing into the work from th 
surface. 
the percentage of carbon at the surface with a 


During this time there is a decrease |! 
increase in case depth. In those processes whe! 
a simple carburizing gas is used, it is mere! 
necessary to shut off the gas entirely for seve! 
hours while maintaining the temperature. 
Where a mixed gas is used and carbon 
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osited at a controlled rate, the percentage 
arbon in the case can be varied according 
the percentage of hydrocarbon gas in the at- 
sphere. Using this method in the retort batch 
e of furnace, such as is illustrated below, 
diffusion period can also be used, but in the 
tinuous type of furnace, such as shown on 


Batch Type of Gas Carburizer (American Gas Fur- 
nace Co.) in Operation at Cleveland Tractor Co, Plant 


iges 24 and 25, the diffusion period is difficult 
establish. It then becomes necessary to bal- 
nce the hydrocarbon gases more accurately 
ith a rate of diffusion. This is not so simple 
' do, so that the continuous type of furnace 
‘ight introduce difficulties in the production of 
w carbon cases. It is, however, ideally suited 
the usual higher carbon case; the simplicity 
the operation and the minimum of supervi- 
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sion required to obtain uniformly satisfactory 
work give it a great advantage. 

If city gas is used to dilute the hydrocarbon 
gases, all that is necessary for satisfactory con- 
trol is two flow meters, one for city gas and the 
other for the hydrocarbon. If air is used, it has 
been found advisable to crack the hydrocarbons 
by preheating the mixture to a temperature ap- 
proximately the same as in the carburizing — re- 
tort. Apparently this has been. satisfactorily 
worked out; cracking units such as shown along- 


side the furnace on page 25 are now available. 
A Simple Process 


To summarize the whole subject, the state- 
ment made at the start may be repeated: Gas 
carburizing is, when properly conducted, one of 
the simplest processes and enables us to get cases 
of any desired characteristic. When properly 
conducted it is possible to obtain a depth of case, 
a carbon content, and gradation of carbon within 
almost any desired limit. 

There are two important requirements in 
gas carburizing, the first and most important of 
which is uniform temperature. Second is a sat 
isfactory carburizing gas. 

Most of the past difliculties have been due 
to attempts to utilize an unsuitable gas. In an 
endeavor to utilize a gas which supplies carbon 
at too low a rate, many delicate operations have 
been added to the process which render it very 
sensitive. On the other hand, carburizing gases 
rich in carbon (and at the same time unstable), 
introduce difficulties from too heavy a deposit 
of carbon on the surface of the work. By dilut- 
ing the rich carbonaceous gas with the weaker 
gas, it is possible to arrive at a commercial car- 
burizer which is practically foolproof and with- 
out the necessity of drying towers, delicate con- 
trol apparatus, or special supervision. 

With the temperature under control and a 
satisfactory gas mixture, a uniform case at a 
maximum rate of penetration requires only a 
correct rate of circulation of the gases over the 
surface of the work. The minimum rate of cir- 
culation can be easily established by actual trial. 
The proper percentage of hydrocarbon and di- 
juting gas can also be determined by a few trial 
runs, starting with a minimum of the rich gas. 

By a diffusion period, at heat but without 
gas circulation, a case can be obtained which 
has any desired carbon content at the surface 
and practically any rate of gradation from the 


surface to the core. 
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SELECTING AND BUYING 


the right steel for the part 


HAT is the most suitable material for the 

job? This is the question always confront- 
ing the progressive manufacturer. The success- 
ful stimulation of sales by changes of stvle or 
increase in efliciency depends greatly on the 
answer to this question. Deriving inspiration 
from this demand and itself in turn inspiring 
new things to be made, science answers with the 
invention of new materials and the improvement 
and adaptation of existing ones. Perhaps in the 
field of ferrous metallurgy has the advance been 
most intense and rapid. The final product may 
be of steel, and always are steels involved in 
its making and fabrication. 

In contrast with the care expended on the 
other phases of manufacture is the haphazard 
system so often emploved in the selection and 
purchase of materials. This is often left entirely 
to the purchasing while 
skilled in the art of purchasing, is all too fre- 
quently lacking technical information about the 


department which, 


raw materials bought. 

Anticipating that some of our friends in the 
purchasing departments will question this state- 
ment, proof may be found in the membership 
roster of the American Society for Testing Mate- 
rials, our leading organization engaged in the 
preparation of specifications for technical mate- 
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rials. Of the 165 members starting with “A” in 
the alphabetical classification, only one has a 
tithe which indicates that his principal duties are 
in the purchasing department. 

The defense will be that it is asking too much 
to expect the purchasing department, manned 
by individuals of non-technical interests) and 
training, to be well-informed about the latest 
developments in the applications of various 
steels and other materials. The way out, there 
fore, is for a close contact to be established be- 
tween the technologists of both consumers and 
producers, even as the purchasing agent now has 
close commercial contact with the producers o! 
his raw materials. Coordination of the two 
functions is had by man-to-man conferences and 
by means of a correctly worded specification. 

It becomes clearer every day that this matte! 
of steel specification is one for the specialis! 
His specifications should be held as simple as 
possible in order not to restrict unnecessarily 
the field of supply. Wherever possible the stand 
ard specifications of the Society of Automotiv: 
Engineers, the American Society for Testing Ma 
terials, and the National Specifications Boarc 
They have a very wide rang 
Al 


should be used. 
and cover thousands of different materials. 
times, special requirements may render such pro 
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Relatively Few Grades of Carbon and Alloy Steels Are Sufficient for the Construction of lee Machinery. 
Below is a photograph taken by Irving Browning of the CO. condenser in an air conditioner for a theater 


cedure impossible, but in most shops this would 
be a rarity. 
It should always be remembered that a tool 


or machine part should be just good enough for 


the job. It is poor engineering to build a strength 
into a part which the nature of its operation 
makes certain shall never be called upon. <Act- 
ing on this principle, the following four points 
should guide the study of specifications: 

1. What are the ideal qualities of a steel 
to do the job? 

2. Is such a steel readily available on the 
open market? 

4. What would the effect be of using an 
ivailable but less ideal steel? 

1. What methods shall be used to insure 
that the material received by the purchaser ful- 
lills the specification? 

If such an objective plan is not constantly 
i foree, a swollen and unreasonable stock of 
teel is likely to accumulate. This is true even 
! those places where a sincere effort is made 
0 buy only the best material for the purpose 
ntended. If “buying the best” means buying 

ic most suitable, and having someone in close 
lationship with the purchaser, continually 
necking up on this “most suitable” requirement, 
here can be little fault to be found. If buying 
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the best means buying from the salesman with 
the most plausible story, or the most attractive 
promises, or the cleverest brand name, or the 
higher price, then the policy is merely a cloak 
for ignorance, and much of the material pur- 
chased, while intrinsically good, will not be par- 
ticularly well suited for the purpose for which 


it was purchased. 
Specialists on Materials 


The above merely states facts discovered by 
hundreds of progressive organizations. It can 
be proven by the frequent appearance on the 
scene of men with such tithes as Materials Engi- 
neer, Surveyor of Purchases, Engineer of Tests, 
Supervisor of Materials, Engineer of Materials 

to mention only a few in a cursory scanning 
of the roster of one of our engineering socicties. 
in a great many cases, also, the chief metallur- 
gist (or whatever the man’s tithe who has his eve 
on the way the metal fabricates and finishes) ts 
in frequent consultation with the purchasing de- 
partment, and his approval must be secured be- 
fore any change is made or any new material 
specified. 

It should be remembered that a good carbon 


steel, of proper carbon content and with only 
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manganese and silicon instead of additional al- 
loving elements, can cover a vast field when cor- 
When special circumstances re- 
For the 


rectly treated. 
quire it, alloy steels can be resorted to. 
great majority of such applications a relatively 
small number will suffice. It is obvious that mul- 
liplication of grades and types will increase ex- 
pense and chance of misapplication. 

It should also be remembered that the 
advantages of an alloy steel over a carbon steel 
are insufficient to warrant the cost unless the 
importance of the part warrants the additional 
expense of heat treatment. Furthermore, the 
physical properties of untreated alloy steels are 
unreliable, depending as they do on the amount 
of work done in the rolling mill, the tempera- 
ture of the last pass, and the rate of cooling. 

A few words are in order to consider the 
significance of the usual physical tests. 

Elastic limit is of great importance in deal- 
ing with steel, especially the mild carbon steels. 
It marks the practical or design limit of static 
strength for machine parts and structures. The 
true elastic limit is not readily determined and 
depends to a considerable extent on the accuracy 
and the sensitivity of the test equipment; for 
materials of structural grade it is generally but 
erroneously assumed to be identical with the 
“drop of the beam” in the tension test. Some 
cautions must therefore be borne in mind: A 
serious overload will change the elastic limit and 
the ductility of the mild steels, and therefore the 
useful life of the part. Tonnage steels of the 
structural grade in the as-rolled condition also 
have a quite variable elastic limit (in distinction 
with the figure derived from the drop of the 
beam). Steel in the hardened and drawn condi- 
tion has an elastic limit fairly close to the ulti- 
mate strength, and in these steels the figure is 
valueless for design or appraisal purposes. 

Tensile strength is frequently not of the di- 
rect importance that is sometimes supposed. In 
most instances the machine part will have failed 
before the full tensile strength is developed. The 
tensile strength does give a fair index of the re- 
sistance of the part to repeated stress or fatigue. 
It may be wondered why compression tests are 
so seldom made, but it must always be remem- 
bered that in a long structural member or ma- 
chine part a compressive failure is caused by 
buckling or flexural action. Consequently the 
tensile stress set up in one side of the part will 
be the limiting factor of its strength. 

Ductilitw 

is. in the author's opinion, a most important 


a property not easily measured 
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attribute of a good steel. It prevents shatter: 
collapse when the elastic limit is reached ey 
at a tiny spot in the part, and will prevent | 
formation of minute cracks under occasion! 
overload and eventual failure by extension «| 
these flaws. Elongation and reduction of areca 
in the tension test give the best measure of 
ductility. Strangely enough, the fatigue or en- 
durance limit has no relation to the ductility. 
Endurance limits are determined in the labora- 
tory on beautifully finished pieces, and 
represent the maximum repeated stress which a 
steel is capable of withstanding indefinitely. 
Ductility, however, will permit the steel to vield 
in such a way that the occasional maximum 
stress does not repeat itself more than once at the 
same focus. 

Hardness is the test most often made bhe- 
cause it is the easiest and probably the most 
informative. It gives a reliable index of the ten- 
sile strength, and therefore of its endurance 
limit. However, it has its limitations. Wear 
resisting qualities of types of gear steels, for 
instance, cannot be compared by their respective 
hardness readings; neither will the hardness 
number give an index of the steel’s machina 
bility except to set a commercial limit for meta! 
of the same chemical composition and = simila: 
history. 

Machinability is likely to be the prime con 
sideration for many small machine parts. The 
following table lists the machinability of som: 


SAE. Machin- 
Number lype ebilit; 
1772 Bessemer screw stock 700 % 
X1F75 High mangenese,high sulphur| 85% 
7120 Qpen-hearth screw stock 80% 
X13550 High manganese, high suiphur| 75% 
6740 ennes/ed 65% 
4730 ennes/ed Chromium-molybdenum 65 % 
25350 ennesled Nicke/ 65 % 
7040 Machinery stee/ OY 
70355 Mild stee/ 60% 
7020 Soft open-hearth stee/ 60% 
% 
2345 ennes/led Nicke/ 60% 
5775 Nickel-chromium 55 % 
23575 Nicke/ 5Y 


common steels relative to bessemer screw s! 
as 100°,. 
the tendency would always be to select s! 


For parts which are finished all « 


as near the top of this list as possible. 
As remarked above, a few carbon steels 


a still fewer alloy steels will serve for most | 
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ses in a plant manufacturing industrial ma- 


inery. (This, of course, is in addition to the 

ol steels and stainless steels.) A list of them 
il d their principal physical properties in the 
at treated (or as-used) condition will now be 
i ven, together with some remarks on their uses 
id substitutions which may be made as occa- 


sion demands. 
Flange steel, such as furnished to A.S.T.M. 
specification for boiler 


d md firebox steels A 
a 70-33, will have 55,000 
v. to 65,000 psi. (pounds 
id per square inch) ulti- 
ny mate strength, 25,000 
to «630,000 psi. vield 


point, and 25’, elonga- 
tion in 8 in. Its ma- 
st chinability is poor. It 
may be used for plate 
sprockets, rings and 
disks, and various ir- 
regular shapes _ not 
e made in quantity but 
S shaped with an oxy- 
acetvlene cutting 
| torch. It is also good 
I for welding. There is 
a temptation some- 
times to buy the 
cheapest possible 
grade of steel plate 
for these purposes. 
Such material con- 
taining much slag in- 
clusions is unsuitable 
for gas cutting and the 
time and labor lost 
(not to mention the 
scrapped material) 
renders its purchase a false economy. With good 
lange quality plate the cutting can be done to 
limits leaving a minimum of machining neces- 
sary. The economy of fabrication more than 
pays for the better quality material. 

S.A.E. 1112 and 1120 (screw machine stock) 
ive excellent machinability and may be freely 
sed for lightly stressed parts. Surface hard- 
ning in evanide baths is a common operation, 
though for regular carburizing operations 
\I515 is much to be preferred. 

An easy machining material is X1315. It 
mtains 0.10 to 0.20%, carbon, 1.25 to 1.55°, 
langanese, and 0.08 to sulphur. On ac- 


unt of its extra manganese it can be counted 
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What Is in That Steel? 
Photographed in Chemical Laboratory of 
Allis Chalmers Mfg. Co. 


upon to develop 65,000) to 75,000) psi. tensile 
strength, 35,000 to 45,000 psi. vield point, 30 to 
30°. elongation in 2 in., and 50 to 60°. reduction 
of area. It carburizes readily; in fact, similar 
penetration is had in 20°. less time than re- 
quired for open-hearth soft steel, and the case 
will be more uniform and the core tougher. It 
therefore is excellent for screw machine parts 
to be carburized, small forgings, bolts, levers, 
brackets, sprockets, 
pinions and rollers 
in fact, nearly all 
parts where superior 
strength is not essen- 
tial. The non-deform- 
ing characteristics 
contributed by the 
manganese make it 
especially valuable 
where it is desired to 
reduce the warping of 
the carburized part to 
a minimum, 

S.A.F. 1020 (soft 
open-hearth steel) is 
not nearly as machin- 
able as the above, 
If “normal” in 
microstructure, it is of 
good carburizing qual- 
ities. It is not quite as 
strong nor as ductile 
as the higher manga- 
nese analysis; in fact, 
its principal advantage 
is its ready availability 
in allsections and 
shapes and its low 
price--a matter 
Which may be evanes- 
cent if parts are to have much machine work 
done on them. It is also excellent for welding. 

A very great number and variety of machine 
parts are made from the medium carbon range 
of plain steels and, given proper thought, a still 
greater use could be made of them. By medium 
carbon is meant from 0.25 to 0.55°,. Parts for 
which these steels are used always have definite 
physical requirements. The S.A.E. steels 1030 
to 1045 have proven their value in this class. 
They respond readily to heat treatment; for in- 
stance, S.A.E. 1035 can be counted on for 70,000 
to SO.000 psi. tensile strength, 10,000) to 50,000 
psi. vield point, 18 to 28, elongation in 2 in., 
and 34 to 45°. reduction of area. While machin- 
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ability (even when normalized to a coarse grain) 
is not particulariv good, the material is excellent 
and widely used for parts requiring fair strength, 
such as forged crankshafts, crank pins, piston 
rods and heavy duty gears. 

Medium manganese steels may be frequently 
substituted for the above if more severe service 
is to be met. Cost is but litthe increased, and 
they give better machining properties and re- 
sponse to heat treatment. The theory that run- 
ning the manganese up would increase the 
brittleness bevond safety has been entirely dis- 
credited, and was, in fact, based on an often- 
quoted conclusion from some experiments on an 
alloy of entirely different microstructure. Steels 
classed as S.ALB. and AL360 have average 
carbon of 0.50 or 0.605) respectively and 0.90 to 
1.20’, manganese. Either is good for 90,000) to 
110,000 psi. ultimate strength, 95,000) to 60,000 
psi. vield point, 20 to 30°, elongation in 2 in., 
and $5 to 1. reduction of area really a su- 
perior combination. 

The author's first choice of alloy steels for 
severe service requiring strength, toughness, re- 
sistance to wear and fatigue, is the chromium- 
vanadium steels, S.A.B. 6100 class. Their alloy 
content is moderate, and their first cost is there- 
fore low. Their machinability is fair. The 1‘ 
chromium gives a deep, uniform hardness, while 
the O18, vanadium refines the grain and there- 
fore toughens the alloy. 

The importance of a carburized part such 
as gears, wrist pins, rotary shredders may re- 
quire an alloy steel. 6120 when carbu- 
rized and hardened develops a hard case and 
exceedingly tough core, the needed combina- 
tion for shock and wear resistance. Another 
steel for similar service the nickel-molvb- 
denum steel 1615. Without a high tem- 
perature treatment it develops a hard case and 
a core of good ductility with the minimum dis- 
tortion of the piece. For parts which are finish 
sround after treatment the S.A. steel 2820 may 
also be used to advantage, as it will be relatively 
free from surface checks after treatment. 

The chrome-vanadium steel S.A... is 
a most useful general purpose alloy steel having 
the following physicals: Tensile strength 115.000 
to 160.000 vield) 120,000 to 135,000; clonga- 
tion 15 to 20% in 2 in.; and reduction of area 10 
to Tt is suitable for highly stressed ma- 
chine parts, such as constant-mesh gears and 
worms, shafting, cams and cam rollers. In heat 
treated condition it is machinable, and parts of 
shape difficult to heat treat may thus pro- 
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duced from the heat treated bar or block. Wi) 
out developing extreme hardness this steel |) 


a very high resistance to wear. It has a natura! 
dense, homogeneous structure which develops 
work-hardened case in service without loss . 
dimension. This case gives a wear resisting qua 
itv equal to many file hard carburized part 

The chrome-molybdenum steel 415 
is somewhat similar in its character to tly 
chrome-vanadium and may often be substitute: 
for it. For the same type of duty such steels i) 
the nickel and nickel-chromium group as S.A.) 
2530 and $130 have an important place. 

The above notes by no means exhaust thy 
subject. They make no aim to cover the highly 
specialized alloys used in automobile gears and 
transmissions, for instance, nor the high alloys 
used for heat or corrosion resistance. They ar 
intended to indicate, however, that a remark 
ably small number of analyses will be amply 
suflicient for most applications in the manufa 
ture of machinery and equipment, and to em 
phasize the thought that while one steel may |» 
substituted for another it should be interpreted 
to mean that the careful engineer will not regard 
them as interchangeable, but that a satisfactory 
practice and usage built up on experience should 
not be changed lightly without cogent reasons 
that it will be better and cheaper in the end 


Hardness Tests Brinell, Scleroscope, Rockwell, M 
otron Are Indispensable to Metallurgical) Cont! 
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BOOKS WORTH READING 


of a metallurgical nature 


Sound Ingots 


lie CAstinG or Brass INGors, by R. Genders and 
G. L. Bailey. 190 pages, 642x10 in., blue cloth 
binding. Published by British Non-Ferrous 
Metals Research Association, London. 


A Review by D. K. Crampron 
Chase Brass & Copper Co., Waterbury, Conn. 


OR very many vears the “art” of casting brass 

was surrounded by utmost secrecy and no 
little quackery. The old-time caster depended 
as much on luck as on knowledge and more on 
inagic than method. Such degree of success as 
he did attain was as much in spite of his efforts 
as because of them. Even today many practical 
casters hold to a most amazing medley of fact 
and fiction concerning numerous details of the 
process, 

Much progress has been made in the last 
two decades. Technological investigations have 
sradually differentiated between real facts and 

‘ceccurate and fanciful tradition. Even so, the 

sults obtained have been largely empirical, and 
explanations offered for various phenomena 
¢ been less accurate than the observations 
mselves. 

We only now enter a stage of development 

' might properly be called scientific. The 
‘hods pursued by the present authors lead to 
car connection between cause and effect. The 

plaved by each factor alone and in combi- 
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nation with others is accurately evaluated. The 
conclusions follow logically from the results of 
the various experiments. 

The general description of the characteris- 
tics and defects of cast ingots, contained in this 
book, needs no lengthy comment. The man in 
the brass mill will easily recognize a host of old 
acquaintances (if, indeed, not friends!) in the 
text and illustrations. He will also realize that 
basically the procedure and problems are not 
different in America from those in England. 

The liquid metal in the crucible or furnace 
was studied by Messrs. Genders and Bailey apart 
from problems incident to its transfer to the 
mold. The importance of small amounts of cer- 
tain elements, particularly aluminum, silicon and 
phosphorus, on rate of oxidation and character 
of surface films, is well brought out. The pro- 
nounced effect of this liquid surface film on the 
behavior in pouring and in turn on the charac- 
ter of the solidified surface is demonstrated. 

Solidification in the mold, with its problems 
of segregation, crystalline structure, shrinkage 
and gas cavities, has previously been described 
by these authors in other publications. However, 
the matter is here thoroughly reviewed and well 
presented. The marked effect of turbulence due 
to the penetration of the stream of metal has 
probably not been fully appreciated by most 
readers. 

The effects of such variables as casting tem- 
perature, rate of rise in the mold, design of the 
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mold, and mold dressings are treated at consid- 
erable length. The fact that many of the findings 
stated in this book are in harmony with ideas 
held by others does not detract from their value. 
To have confirmation of such is pleasing. 
Probably the considerable importance of the 
mold material itself in relation to soundness and 
yood surface is surprising to many readers. But 
the evidence is strong and the conclusions sound, 
The effect of the mold design and material on 
rate of solidification and hence structure is dealt 
with at length. The advantages of water cooled 
copper molds for thicker cakes for hot rolling 
are well brought out, but are shown to be unim- 
portant in thinner sections for cold rolling. 
Finally, the mechanism of solidification using 
such special processes as the Durville, the Erical, 
The 


first named they find (as have others) to be es- 


or bottom pouring, is described in detail. 
pecially suited to aluminum-bearing alloys. 

The reviewer has seldom read a_ technical 
publication of such immediate value in practice, 
or a “practical” work written on a more logical 
foundation. The authors are to be highly com- 
mended. The book should be read at least once 
by every man supervising or in close connection 
with casting and rolling operations in a brass 
mill. In particular it is recommended to those 
on this side who so complacently assume that 
practice and results here are of necessity superior 


to those across. 


Extra! Fourth Edition! 


or TRON Steer, by Bradley 


Stoughton. 599 pages, 6x9 in., maroon cloth 
binding. McGraw-Hill Book Co.. New York. 


Price 54.00, 


T IS a common experience in the teaching 
profession that there is no money in writing 


book 


on metallurgy passes 10,000 copies in its second 


specialized textbooks. But when such a 
edition and reaches its fourth revision at the age 
of 26 vears, one must admit that here is a rare 
exception. 

The reviewer is at a disadvantage also. He 
is disarmed, for no matter what his criticism 
may be, he is faced with an accomplished fact 
here is a book which has satisfied and is satisfy- 
ing thousands of engineering readers. Even 
though he may think it too narrow or too wide 
in scope, there is no question but that it has been 
complete enough for the average reader. Pro- 
fessor Stoughton confesses in his preface that 
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four new chapters were written, but could not 


included without an unjustifiable increase in by; 
and price. It was a wise deletion to make, 
the light of experience with the former editio 
aging through the new edition, one s: 
numberless evidences of recent revisions: A p: 
agraph is inserted on the Aston process for ma 
ing wrought iron; a whole section summarizes 
the Pittsburgh studies on the physical chemistry 
of steel making; a 4d-ton high ind: 
tion furnace is photographed; a diagram shows 
the roller-welding of steel tube — and so on in- 
A valuable appendix to each chapter 
cach tith 


definitely. 
gives references for further reading; 
is followed by a brief commentary indicating its 
scope and quality. 

All in all, 
notable textbook. 


this is a notable revision of a 

The present reviewer frequently sends up 
a little praver that authors and publishers may 
do something about half-tone illustrations. Pro 
fessor Stoughton writes the clearest prose; at 
one place he cautions instructors against expect- 
ing students to comprehend his text without sup 
plementary explanations and a_thoroughgoing 
review; the line drawings are clearly intelligibl 
to engineers. Now if he had only extended thes 
laudable practices and ideas to the pictures! Too 
many of the photographs have no focal point, 
and the thing they intend to illustrate is sub 
merged in a mass of unimportant surroundings 
Perhaps he thought, “What's the use of worry 
ing much about photographs, for the publishers 
will reduce them all to a deadly leady hu 
Which they did! 
ability to print excellently from type and lin 


inexcusably, in view of them 


drawings. 
X-Rays in the Shop 


INpUsTRIAL RapioGrarpHy, by Ancel St. John and 
H. R. Isenberger. 232 pages, 6x9 in., bound 
in dark red buckram. John Wiley & Sons 
New York. Price $3.50. 


A Review by Kent R. Van Horn 
Aluminum Co. of America, Cleveland 


A COMPLETE treatise on radiography (or | 
use of radiant energy for non-destruc! 
testing) has been lacking until the appeara! 
of this book. There are a few English but m 
German textbooks which describe the comp 
analysis of the internal structure of metals 
alloys by X-ray diffraction. Frequently a s! 
chapter is devoted to industrial radiography 
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en the atomic structure or physics of X-rays 
exhaustively presented. 

During the past few vears many metal fab- 

cating plants have employed radiography as 
inspection or development tool. Recently the 
\merican Institute of Mechanical Engineers’ 
die for class 1 pressure vessels accepted weld- 
ng as a fabrication method if accompanied by 
omplete X-ray examination of welded areas. 
this has enormously expanded the number of 
installations and the technical articles on the dif- 
ferent phases of radiography. The authors have 
tried to weld this seattered information with 
their fund of practical knowledge to produce a 
manuscript covering the history, apparatus, tech- 
nique, cost, and industrial applications of radi- 
ography. The practical aspects are presented; 
no attempt is made to offer a scientific concep- 
tion of the existing theories. 

Their discussion of the technique for ex- 
posing and preparing radiographs is extremely 
helpful and would consume years of commer- 
cial experience to attain, although the somewhat 
specialized methods used in the St. John Lab- 
oratory seem to be favored. The quantitative 
appraisal of the sensitivity of the fluoroscopic 
and photographic methods of detection is en- 
lightening. A section on X-ray apparatus and 
installations is not as comprehensive as other 
chapters of the book and is, unfortunately, re- 
stricted to types with which the authors have 
associated or perhaps preferred. 

A large portion of the book is rightfully 
directed to the inspection of castings and forg- 
ings, small and large, and the recent welding 
activities. Such hints as the exposure of the 
scarfs on welds and the technique for examining 
steel tubing are valuable. A particularly enter- 
laining section is that on the inspection of paint- 
nus, coal, golf balls, and bronzes. 

The book is copiously illustrated with many 
radiographs and diagrams in a most commend- 
ible effort to help the reader actually see the 
cited applications. The printers should be com- 
timented on the reproductions of the high con- 
rast films. It is unfortunate that so much of 

© illustrative material may confuse one not 
limately connected with radiographic interpre- 
tion, because of the continual intermingling of 
sitive and negative prints. Messrs. St. John 
d Isenberger are of the opinion that readers 
uld expect to see cavities or less dense mate- 
‘| either as light areas on some or dark spots 
other reproductions-—that is to say, they 
uld be able to interpret either positive or neg- 
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ative prints. However, this book seems to em- 
phasize the necessity of standardizing on one or 
the other. The reviewer prefers the use of neg- 
ative prints, which are, of course, comparable 
to the X-ray films (negatives), a practice which 
has gained considerable acceptance, particularly 
in Europe. 

Many useful tables complete the versatility 
of this handbook, such as data concerning ab- 
sorption coeflicient limits, lead protection limits, 
lead equivalents of other materials, exposure 
charts and costs. The cost figures may be mis- 
leading because of the unusually short time allo- 
cated to the preparation, alignment and exposure 
of films. Short exposure times do not always 
predicate conditions of suflicient contrast and 
definition. In fact, information about sensitivity 
limits for various thicknesses of different metals 
might profitably have been included. 

In conclusion, it may be said that this book 
on this new and important field of inspection is 
not only welcome to the X-ray technician but 
should be extremely valuable to the metal con- 


sumer or producer and to the engineer. 


High Speed Steel 


Tue or Ikon ann Tunesten, by J. L. Gregg. 


511 pages, 6x9 in., blue cloth. Published for 


Engineering Foundation by MeGraw-lHill 
Book Co... New York. Price $6.00, 


HIS is the third of the monographs published 

by the Alloys of Iron Research and main- 
tains the high quality set by its predecessors. It, 
also, is a critical review of the literature, some 
1800 articles being located and two-thirds of 
them studied and abstracted—— an enormous 
undertaking. 

One feature of this volume is new, or at 
least much more in evidence than before. That 
is the frequent reference to private communica- 
tions and the reproduction of extended mem- 
oranda from American experts on points which 
are not clearly or adequately described in exist- 
ing literature. Such familiar names as Mathews, 
Emmons, Sykes, Cox, and Gill are met in this 
connection, Obviously, critical appraisals by 
technologists in industry are of the greatest value 
in locating errors of judgment or statement, and 
insure that the present volume is as accurate 
and complete as care can make it. 

While paging through this book on iron- 
tungsten alloys, one is struck with the fact that 
tungsten steels (without sizable proportions of 
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another alloy) are but litthe used now-a-days. 
The once popular magnet steels are replaced 
with the cheaper chromium steels or the more 
eficient cobalt alloys; in the high carbon tung- 
sten tool steels the trend is to decrease the tung- 
sten content and “stabilize” the alloy with man- 
ganese or chromium. Possibly this is a result 
of price competition, but of all the tungsten tool 
steels about the only one now remaining is the 
& to 10% tool steel for hot work 
fact in view of the remarkable abrasion resisting 


a regrettable 


qualities of steels of this sort and those contain- 
ing even less tungsten. 

High speed steel is the most important tung- 
sten alloy. In it tungsten is truly indispensable, 
and improvements have consisted not in elimi- 
nating expensive tungsten but in adding other 
elements like vanadium and cobalt. About one- 
quarter of the book is devoted to a discussion 
of the manufacture, treatment and properties of 
high speed, and at least as many more pages 
contain data which refer to the high speed range 
of composition. It will 
undoubtedly be the portion of the book which 
will attract the metallurgist in the consuming 
industries and will make him feel that the book 
is worth what it cost him, for nearly every ma- 
chine shop uses high speed steel, and this book 
is indeed an unequaled summary of information 


This is as it should be. 


on that subject. 


True Talk 


Sree. Makers, by Harry Brearley. 156 pages, 
Dlox7lo in., dark blue cloth binding. Long- 
mans, Green & Co., New York and Toronto. 


Price 5 shillings. 


INCE the present reviewer detests blurbs in 

the advertisements of current novels, he re- 
sists the temptation to become too enthusiastic 
about this little book. The reader may refer to 
Mr. Collitt's letter to Merat ProGress on page 52 
of last month’s issue for as good a review as I 
am likely to write. 

Steel Makers is a collection of chapters 
(“letters” Mr. Brearley calls them) about the 
manufacture of crucible steel, the steel itself, 
the men who make it, sell it, and study and lec- 
ture about it. It is a little gem, and like a story 
by Stevenson, can be reread at not too long an 
interval 
cocky about their store of technical or scientific 


especially by those who are a_ bit 


information, and who have not yet lost all hu- 
mor or sense of proportion. 
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Such things as the following anent theo 


and practice make it easy to read the bo 
through in a single sitting: “To know the ing: 
dients of a rice pudding and the appearance 
a rice pudding when well made does not mea 
dear reader, that you are able to make on 
Or the following on progress in high speed too! 
steel manufacture: “The maker of tool steel is 
traditionally activated along two lines: He has 
a Nosey Parker curiosity about what his neigh 
bors are doing, and he is apt to believe that th: 
greatest good may be conferred on steel by add 
ing the greatest number of ingredients.” 

Mr. Brearley should have gone on to say, of 
course, that such remarks apply exclusively to 
British metallurgists. 


General Index 


GENERAL INDEX TO TRANSACTIONS AND METAL Proc- 


RESS. 261 pages, 6x9 in., blue cloth binding. 
American Society for Metals, Cleveland. 


Price $3.00. (Parts II and III published sep- 
arately at $2.00.) 


N 1927 the American Society for Steel Treat- 

ing printed a general index of Transactions, 
Vol. 1 to 10, inclusive. Consolidated with this 
was an index of the two volumes of the Journal 
of its predecessor, American Steel Treaters So- 
ciety. This present volume contains that index 
as Part I, together with Part II, a similar index 
of Vol. 11 to 20 of Transactions, bringing the 
matter down to 1933. All this work has been 
done by a single man, Frank T. Sisco, editor o! 
Alloys of Iron Research, in a way which makes 
available every important paragraph in more 
than 20,000 pages of technical literature, no ma! 
ter what the title of the article may be. Cross 
indexing has been thorough; every item is listed 
under at least two key words, and when the im- 
portance or the context justifies, under three o: 
four. 

Marjorie M. Rud, of the headquarters staf! 
is responsible for a similar index to Merat Pro 
rESS, from its first issue down to Jan. 1, 195° 
thus Part III is coterminous with Part IL. 

Anyone whose library contains a compl 
set of these publications of the American Soci 
for Metals and its predecessors, has, with t 
index, available under his hand an unriva! 
source of information on modern metallur: 
containing the answer to nine out of ten pr 
lems met in everyday work, or a suggestion le: 
ing to the answer. 
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COUPLE 


for measuring gas temperatures 


F ALL the temperature measuring devices 

available to the modern investigator, the 
thermo-electric pyrometer is doubtless the most 
familiar to the metallurgist and oftenest used. 
About four base metal couples and one noble 
couple have been established as the result of 
vears of research work by a large number of 
people. As seen by the accompanying tabula- 
tion, they cover the range encountered in all 
commercial heat treatment operations, being 
limited only in the extremely high temperature 
region of melting furnaces and the various com- 


bustion processes, 


Usefu/ Most favorable 


Couple Range Atmosphere 


Sooper constentan -350 to 500° \ Non-corrosive 


Constentan to7700°%F| Reducing 
rome! elurme/ Oto 2200. Oxidizing 
Chrome/ Oto 1000. Oxidizing 


plstinum-rhodium 600 to 2800°F\ Neutre/ 


lt is not the desire to discuss the underlying 
vory of thermo-electricity, the various devices 
d to indicate or register the temperatures, nor 
precautions which must be taken to eliminate 
‘rumental errors. These matters are so well 
cn care of in practice that the pyrometer user 
inclined to forget several sources of error, 
ch may be a considerable amount when gas 
lospheres are being measured. It is to this 
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phase of the question that we now turn attention. 

The cause of such error is usually attribut- 
able to the variety of methods by which heat is 
delivered to the point being measured, for it is 
this flow of heat which determines the tempera- 
ture attained as well as the temperature re- 
corded. The various methods of heat transfer 
to and from the temperature indicating device 
(which in this instance is a hot junction of two 
dissimilar wires) and their relative importance 
must therefore be fairly well understood. 

The three forms of heat transfer are (a) 
conduction, (b) convection and (c) radiation. It 
is assumed that the reader is acquainted with 
the fundamental laws governing these three, or 
can readily consult a textbook of physics. How- 
ever, it must be realized that during the opera- 
tion of a thermocouple in a gaseous medium the 
resulting temperature at the hot junction is pro- 
duced by the combined action of all three forms 
of heat transfer, and the relative importance de- 
pends to a great extent upon the temperature 
of the gas. 

To obtain the “true” temperature of a gas 
is an exceedingly difficult task. For example, 
if a thermocouple is inserted into a moving 
stream of hot gas, the gas immediately next to 
the wire will give up some of its heat to the 
colder metal by conduction and then be imme- 
diately replaced by hotter gas. This process, 


in which moving gases continually give up a 
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portion of their heat as they pass the object being 
Further, if the 


walls within which the gas is flowing are hotter 


heated, is known as convection. 


than the thermocouple, they will radiate addi- 
tional heat to it. As a result of both convection 
and radiation, the hot junction will eventually 
reach an equilibrium temperature, which will 
usually (but erroneously) be considered the true 
temperature. Even if the proper corrections are 
applied and the thermometer is perfectly cali- 
brated, the chances of obtaining the (rue tem- 


perature of the gas stream are slight. 
Errors From Radiation 


Let us examine again the flow of heat as the 
temperature of the pyrometer is coming to rest. 
It is obvious that only when the hot junction has 
reached the same temperature as the gas around 
it will a true reading be possible. 

Now, if the wall temperature is higher than 


of the gas by heating them with auxiliary hea 
ers — this can be conveniently done only in sma! 
furnaces or flue pipes. Third, the thermocoup! 
may be protected from energy radiated to o 
from the walls with a shield which has a hig! 
degree of reflectivity; in this case, however, i! 
will be necessary to allow the gas to circulat 
freely around and through the device. Fourth, 
the thermocouple may be encased in a highly re- 
flective protecting tube which is provided with 
a means of drawing the hot gases into the tub: 
and over the hot junction. 

The first two methods of overcoming the ef- 
fect of cold walls (insulating and heating the 
wall) can be done relatively easily at low steady 


temperatures but can hardly be applied to very 
the 
latter case the last two corrective methods (in- 


hot gases, especially in large furnaces. In 


volving open protection shields and closed pro- 


tecting tubes) are much more likely to be used 
successfully. 


. Path of Hot Gas 


Refractory Cement 


il 


~ Spacers and Insulators - 


Sketch Showing Construction of American Gas Association High 
Vacuum draws current of gas, whose temperature is 


Translucent Quartz Jube 
Perforated at End 


To Vacuum ¥ 
Velocity Thermocouple. 
desired, rapidly past hot junction 


the gas temperature, as might be the case in an 
electric furnace, heat will be given from the walls 
to the thermocouple after the hot junction has 
reached the temperature of the gas, thus produc- 
On the other hand, if the 
walls are cooler than the gas, as in a chimney, 


ing a high reading. 


heat will be radiated to the walls from the pyrom- 
eter faster than the gas stream can impart heat 
to it, thus producing a low reading. 

Therefore, only in the very rare case when 
the wall temperature is exactly the same as the 
gas temperature will it be possible to obtain a 
true recording of temperature of the gas. Even 
then other conditions might tend to interfere, 
such as conduction of heat along the wires and 
the protection tube. 

To overcome such errors caused by radia- 
tion, several possible courses are available. First, 
the walls may be well insulated so that they 
Second, the 


wall temperatures may be made the same as that 


approach the gas in temperature. 
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While determining the flue losses of fur 
industrial 
conducted under the supervision of the commit 


naces employed in research work 
tee on industrial gas research at the American 
Gas Association Testing Laboratory, it becany 
apparent that true flue gas temperatures wer 
not being obtained, although the thermocoup!cs 
were being used in the ordinary manner. As © 
result of subsequent experimental work co! 
ducted in an effort to eliminate the errors, 
thermocouple was developed which applies | 
fourth method given for obtaining true tem) 
to all w 


atures. This should be of interest 


measure industrial temperatures. 
High Velocity Thermocouple 


High 


as shown in the diag! 


Association 


The 
locity Thermocouple,” 


“American Gas 


and photograph, consists of a translucent qu 
tube which is partly closed at one end, whil 
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ple and Protection Tube About to Be Assembled Prior to Insertion Into Furnace 


other end is connected to a vacuum line. Inside 
this quartz tube the thermocouple is so placed 
that the bead is located a short distance behind 
the small opening in the restricted end of the 
quartz tube, and centered by a porcelain spacer. 
The entire assembly is inserted into the hot 
gas stream, locating the perforated end at the 
place where the temperature is desired. A_ pe- 
riod of time is then allowed to permit the quartz 
tube and thermocouple to come to equilibrium 
femperature. (For reasons to be shown later, 
this reading is generally recorded.) The vacuum 
is then turned on and a short time permitted to 
clapse before the temperature is again read. 
The following conditions must be satisfied 
'o obtain the true temperature of the gas: First, 
lime interval between applying the vacuum 
d taking the temperature reading must be long 
ugh to permit the thermocouple bead to be- 
me thoroughly heated to the temperature of 
lowing gas. 
Second, the vacuum must be suflicient to 
ite a relatively high gas velocity past the 
rmocouple bead, for there should be no tem- 
‘ture drop between the gas entering the quartz 
and that passing the thermocouple bead. 
ther words, the velocity should be such that 
the restricted end of the quartz tube is 
ed to near the temperature of the gas stream, 
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it will have little effect 
on the temperature of 
the gas stream entering 
the tube. 

Third, the velocity 
past the thermocouple 
bead must be high 
enough to supply heat 
to the bead faster than 
the bead can radiate 
heat to the tube sur- 
rounding it. 

Fourth, the tube 
surrounding the ther- 
mocouple bead should 
possess low absorption 
and high reflection fac- 
tors. Translucent 
quartz meets these re- 
quirements as well as 
almost any material, es- 
pecially at high temper- 
atures, although at low 
temperatures thin tubes 
of polished copper 
might be better. 

From the previous discussion of the effects 
of radiation on recorded temperatures, it) can 
be seen that the high velocity thermocouple will 
measure correct temperatures in a furnace whose 
walls are either hotter or colder than the gas. 
In order to insure accuracy, several preliminary 
steps should be taken, as follows: 

To determine whether the attainable vacuum 
is sufficient to meet the requirements, the quan- 
tity of gases being drawn through the tube should 
be appreciably throttled and the indicated tem- 
perature noted. The quantity of hot gas should 
then be slightly increased and the temperature 
again noted. This operation should be continued 
until the vacuum is turned on full. If a maxi- 
mum temperature is reached before the quantity 
of gas being drawn through the tube reaches a 
maximum, the vacuum is satisfactory. 

Since it is possible for the thermocouple to 
be damaged during a reading, especially if the 
gas being drawn past attacks the wires, it is ad- 
visable to draw a check curve such as shown in 
the figure on page 40, plotted from readings 
taken both before and after the vacuum is ap- 
plied, for several different equilibrium temper- 
atures. However, all these readings must be 
taken with the assembly in the same location. 
By plotting the indicated (“no vacuum”) tem- 
perature against the true (“vacuum”) tempera- 
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ture, a straight line should result. If any pair 
of observations do not plot on this curve (such 
as A, B, or C), it is advisable to check the read- 
ings with a new bead or an entirely new thermo- 
couple. 

Incidentally, these curves show the effects 
of radiation upon temperatures as recorded in 
a particular set-up, even though the indicated 
(“no vacuum”) temperatures are lower than 
they would have been if the thermocouple had 


not been confined inside a quartz tube. 


Relative Temperatures Are Useful 


Having considered the necessity of taking 
special precautions if true gas temperatures are 
to be obtained, it is natural to question the ex- 
actness of most temperatures recorded in indus- 
try. For example, consider a continuous carbu- 
rizing furnace. Thermocouples extend from the 
roof of the furnace down between the rows of 
moving pots in some cases, and close to the tops 
of the 
automatically control the quantity of air and 
gas that is burned in the furnace and maintain 


pots in others. These thermocouples 


a practically constant temperature (or to write 
more precisely —a_ straight-line curve on the 
recording chart). 

These thermocouples, however, do not re- 
cord the true gas temperature, but a rather useful 
equilibrium temperature which is the resultant 
of the gas temperature, the pot 
temperature, and the tempera- 
ture of furnace walls, top, and 


A final point may be made about protect 


tubes. By keeping hot furnace gases from «¢ 
ing in contact with the wire the strength a 
Whe 


atmosplhy 


life of the thermocouple is increased. 
couples are used in detrimental 
tubes are a necessity. 

It is essential that the tube be as good a |) 
conductor as possible in order to minimize 
time lost between any change in furnace t 
perature and its influence on the encased cou; 
However, such a protecting tube may cond 
heat outside of the furnace at such a rate that 
the temperature recorded by an unprotected 
thermocouple will never be reached. The greate: 
the immersion of the thermocouple and its pro- 
tecting tube in the furnace, the less will be this 
error due to conduction. 

Still 
a protecting tube, although it may be negligib 
in magnitude: Since the protecting tube is con- 
siderably larger than the thermocouple bead, the 
amount of radiation received by the tube may 


another error may be introduced }y 


be different from that which would be received 
by the bead alone. To test for the combined 
effect of these two errors, an unprotected the: 
mocouple of the same length as the protected 
one may be inserted into the furnace for just 
enough time to allow the couple to reach equi- 
librium and a comparison reading taken. 

In summary, it may be pointed out that 
either a bare or a protected thermocouple can- 
true 
hot furnace atmos- 


not register the temper- 
ature of a 


phere except under a very rare 


bottom. Although the hot gas 
both thermo- 


heats pots and 


combination of circumstances. 


as when radiation and conduc 


couples up to a point near its 
own temperature, the pots and 


tion are close to zero. Conse- 


quently industrial control o! 


1800 
thermocouples radiate some of temperature is at present based 
their heat to the cooler furnace : TS upon relative rather than tru 
walls. Consequently, the tem- 1600 — temperatures. This does not 


perature, as recorded, is not the 
gas temperature, but a tempera- 
ture more nearly corresponding 1400 
to that of the pots. 
Nevertheless, it can be eas- 


Indicated [No Vacuum] Tempereture, F. 


1200 


mean that the control is inet! 
cient, merely that the tempers 


ily seen that a temperature more 


7, fF 4 4 ture read at the chart does no! 
+4 correspond to the furnace ten 

| | perature near the hot junctio: 

7600 2000 2400 In the equipment described 


useful than the true tempera- 


ture is being measured. This 
example emphasizes the fact 


that it is absolutely necessary to 
decide on the temperature de- 
sired before attempting re- 
cord any temperature measure- 
ments, 
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True Jempereture, F. 


Temperature Observed by High 
Velocity Thermocouple Is Lower 
Before Vacuum Is Turned on 
Than After. If linear relation- 
ship is not maintained, as at 
observations A, B, and C, some 
source of error must be removed 


above, a stream of the hot 
is sucked past the hot junct 
of a thermocouple contained 
a translucent quartz tube. © 
vection of heat brings both 
tube and the thermocouple 
close to the temperature o! 


flowing gas. 
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Cleveland 


require various metals and alloys 


HILE stringed instruments (pianos, harps, 

violins) require strong, hard material 
which can be used in high tension, band instru- 
ments need a metal of anti-corrosive qualities 
which can be easily formed into a perfectly flared 
bell, which can be plated easily, has proper res- 
onance, and is capable of producing a musical 
tone of clarity and intensity. 

It is necessary for the manufacturer to be 
an expert in the spinning, machining, fitting, and 
soldering of small parts. A saxophone is a rel- 
atively simple instrument when compared with 
the French horn or Souza horn, vet it is made 
up of 548 parts, and its stem or body, only a few 
inches long, has 23 tone holes and 53 key posts. 

Two types of brass are suitable for most 
wind instruments. Sheet brass for main bodies 
of horns contains about 75°¢ copper and 25° 
zinc; it has a higher melting point than ordinary 
bo-39 brass, thus it does not soften when seams 
ire brazed with a 50-50 alloy. Rods and tubing 

rv levers and fittings are usually of free-turning 
rass containing 3.5% lead, copper, and 
zine, 

Other metals extensively used in building 
ind instruments, as at the factory of H. N. 
hite Co. of Cleveland, are nickel silver, bronze, 
d sterling silver. Spring steel is also needed 

key and valve action. Silver and gold are 

d extensively for plating. 

Nickel silver is used for flutes, piccolos, clar- 
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inets, and for parts of high precision in other 
instruments. Sterling silver gives a slightly bet- 
ter tonal quality than brass and is used for the 
bells of higher priced instruments. 


Band Instruments 


Clarinets, saxophones, trumpets, cornets, 
horns, and trombones are made in two main 
sections, body and bell. The body may be a 
simple one-piece tapered tube as in the clarinet, 
or it may be a complex aggregate such as the 
tuba or Souza horn, which has seven sections 
of curved conical tubing joined to form two com- 
plete circles, with additional lengths of straight 
tubing joined by elbow bends. For such body 
sections, sheets are cut to correct size and ‘iaper, 
bent into a tube, crimped together, and brazed, 
The seam is then flattened and smoothed by 
rolling and the tube itself is smoothed and 
straightened over a cone-shaped mandrel, by 
forcing over it a thick disk of lead having a hole 
cut in it just large enough to enter the small end 
of the taper. 

Tapered sections of large horns are formed 
to the correct are by bending around wooden 
or metal forms. To retain their shape during 
bending they are filled with a hard pitch which 
is afterward melted out. Lead was formerly 
used, but pitch is lighter and easier to handle. 
Bent tubing of uniform bore for trumpets, French 
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Blah! Photo by Rittase 


horns, cornets, and trombones is formed in the 
same manner, 

Small elbows are punched in two halves and 
brazed together. Large elbows and saxophone 
bells are cut and formed by hand from. sheet 
and the seams brazed. This shape is then in- 
serted into a steel die and a large ball of lead 
forced through. The ball flattens out as it passes 
through and forces the metal smoothly into the 
shape of the die. It is then ready to be brazed 
to the body. 

Wide-mouthed bells, such as those for trum- 
pets, horns, and clarinets, are brought to correct 
curvature and shape by spinning, after the crude 
form has been brazed to the body. Large bells 
are spun in six operations with an anneal after 
each step; small ones can be done in one step. 
A high degree of skill is required for this proc- 
ess, since the bell is the sound box of the instru- 
ment and must be perfect in shape and uniform 
in thickness. At the end of this operation a 
nickel silver wire is inserted in the outer rim of 
the bell to strengthen it against bumps and dents. 
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After polishing, bufling, and engraving, t) 


instruments are ready for rough assemblin 
(Finish assembling is after the instruments a) 
plated.) Rough assembly consists of drilling a 
passages or valve holes and setting up key pos! 
This is done on one machine into which the bod 
is locked at keyways, cut into the mouthpiec 
end when the tube was first formed. Valve hol 
and key post spots are then precisely located } 
templet. Narrow valve castings and key posts 
are then attached with silver solder. 

Valves are of bronze or nickel silver and 
are rough ground at this stage. The final 0.00) 
in. for an air-tight fit is ground off by hand in 
the final assembly. The trombone slide is an 
other delicate part. 
vet move easily without wear. 


It must be a perfect fit and 
The piston is 
made of nickel silver accurately ground to size, 
but the slide casing is usually of brass. 

Before plating, the instruments are cleaned 
with Ive and acid and scrubbed with pumice. 
Five types of surface finish commonly found on 
band instruments are as follows: 

(a) Highly polished brass. Only 2‘¢ of the 
instruments now manufactured are left unplated. 
Most of these are bugles. Tarnish can be les 
sened by lacquering, but the lacquer soon wears 
through. 

(b) Silver plate. 
freshly deposited silver is given the correct lus 


The white color of the 


ter by wire brushing. 

(c) Silver with gold trim. 

(d) Satin gold plate, produced by sand 
blasting before plating. 

(e) Burnished gold plate, made by rubbing 
a quadruple plate with a flat steel instrument! 
This is the finest finish for brass instruments. 

The standard finish (mostly used) on band 
instruments is what is known as a No, 2 finisl 
The bell part 


of the instrument is lined with gold, and all t™ 


It is a heavy triple silver plate. 
lieved points such as rings and engraving ar 
buffed to a bright finish. 

Chromium plate has been tried by one ma: 
ufacturer interviewed, but he found it too hard 
for the necessary finishing operations. It als 
tended to peel off. However, it would be a ve! 
satisfactory finish from the standpoint of wea: 
ing qualities and resistance to corrosion fr 
perspiration and saliva. 
assembly the keys, levers, a 
These are delic: 


In final 
mouthpieces are attached. 
operations since the height of the key determi 
the pitch, and the tension of the spring is ! 
portant for rapid action. Each instrument! 
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ainstakingly inspected and tested by an expert. Ib. of metal, and each sheet weighs from 32 to 
In addition to band instruments, many of 79 lb. This means about 60 casts. 
he former woodwinds are now made of brass, The technique of this operation is interest- 
ickel silver or sterling. The clarinet, oboe, and ing: A small casting ladle hung above one end 
lute are examples of this tvpe which have been of the table is filled by hand from the furnace. 
leveloped in metal during the last few vears. Cold metal of the same composition is then added 
Size and length of air column and position of to the ladle to cool the alloy and it is stirred un- 
tone holes are important to volume and evenness til it commences to “grain.” At this temperature 
of tone and these can be made more accurately one of the constituents (depending upon the 
in metal. Metals are also more resistant to cli- composition) has started to solidify; the dross 
matic conditions, particularly dampness, than is skimmed off and the metal is ready for pour- 
wood. Similar circumstances have warranted ing into the casting box or “sled.” The “sled” is 


the construction of violin bodies of metal. 


Organ Pipes 


a wooden frame 28 in. long and & in. wide with 
no bottom and with the back side adjusted to 
the correct distance from the table for the de- 
sired thickness of sheet. The sled is pulled down 


Manufacture of organ pipes represents a the table by two men, leaving the cloth table- 
striking contrast to the modern machine methods top covered with the metal sheet. An iron 
employed for most musical instruments. Accu- trough at the far end of the bench catches any 
racy and quality are obtained not by machines excess metal. The sheet cools almost imme- 
of high precision but by the skill and artisan- diately and is then rolled up and set aside for 
ship of the individual worker. This industry a week to age. 
harks back to the days of the craftsman, respon- The body of the pipe and its cone-shaped 
sible for his product from beginning to end and foot are cut separately, by hand, according to 
possessing great skill and pride in his work. At- pattern. The pieces are then rolled by hand over 
tempts have been made to adopt modern mass a wooden mandrel and the seams soldered. The 
production methods, but all have failed to pro- solder used contains approximately two parts 
duce an instrument equal esthetically to the of tin and one part of lead. kdges of the pipe 


organ with hand-made pipes. 


are sized with a mixture of whiting and gum 


Pipe manufacture in the plant of Votteler- arabic; when this dries a very narrow strip of 


Holtkamp-Sparling Organ Co. (a Cleveland 
lirm specializing in church organs) varies 
little from the procedure of the eighteenth 
century. One man does all the work from 
the casting of the metal to the finishing of 
the pipe. Lead-tin alloys of three general 
classifications are used. These are “com- 
mon metal,” containing 20 to 30°, tin; 
“spotted metal,” about 45°. tin; and “pure 
tin.” 90 to 95% tin. The largest pipes, re- 
quiring greater strength and stiffness, are 
of pure zine. 

Organ metal scrap and pigs of tin and 
lead are melted in a simple gas-fired pot. 
lhe artisan weighs only approximately, 
but rather, like a good cook, relies upon 

ng experience and skill for correct pro- 
rtions. Sometimes a check is made by 
isting a standard-sized piece and com- 
ring its weight with another known to 
the correct alloy. The alloy is cast (by 
cthods described below) in sheets on a 
ig slate table covered with two thick- 
sses of heavy cloth drawn smooth by 
ights. One cloth will last for about 3000 
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Tools and Equipment Used for Spinning Bells for Brass 
Horns in H, N. White Co. Plant. The workman presses a 
long lever, ending in a blunt-nosed or flat tool, against the rap- 
idly rotating shell and thus reduces its diameter as required 
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Screen, or Display Pipes, of Skinner Organ 
in St. Thomas Episcopal Church, New York. 
Vost screens are purely decorative, the real or- 
gan being concealed in a nearby room or qal- 
lery. Many of these, however, are speaking pipes 
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the sizing is scraped off the outside of thy 
cdges to be joined. In this manner the so! 
der is kept from adhering to any part o 
the pipe except at the seam. 

Perfect roundness of the pipe iss 
cured by beating it with a wooden bar o: 
a wooden mandrel. The small end or “toe’ 
of the pipe is coned or partially closed by 
pounding with a cup-shaped brass instru 
ment. In some shops toes are formed by 
a spinning operation. An upper lip on th: 
body and a lower lip on the foot are flat 
tened by pressing over a form. The oute: 
edge of the languid (a cross-piece between 
body and foot corresponding to the roof of 
the mouth) must have a certain angle for 
correct “speech,” and is cut to a pattern, 
The languid is soldered to the foot and the 
body of the pipe soldered over it. Ears are 
small straight pieces soldered at the front 
of the pipe on either side of the lips. 

Tone of the organ is determined by the 
diameter or “scale” of the pipe, materia! 
used, thickness of the wall, and size of — th 
mouth. This opening is cut to different 
sizes for different stops, its width being som: 
exact fraction of the circumference of the 
pipe, and its height a definite fraction of the 
width of the mouth. For example, an organ 
stop is said to have a two-ninth mouth cut 
up one-third. This means that the width 
of the mouth is two-ninths of the circum- 
ference of the pipe and the height of the 
opening is one-third the width. Proportional! 
dividers are used to obtain these dimensions 
with accuracy. 

After the mouth is cut, the pipe is then 
taken to the “voicer” who nicks teeth into 
the languid and lower lip and adjusts thei 
positions by ear. Lips for the large zin 
pipes are made of a lead-tin insert for eas: 
of fabrication and voicing. 

Organs may have from 200 to 35,000 
pipes ranging from '»s in. to 64 ft. in heigh! 
They are of two types — flue pipes ( 
scribed above) and reed pipes. Reed pipes 
produce tones similar to those of a trun 
pet; instead of the mouth and languid a! 
rangement they have a_ brass-tipped re 
or tongue which vibrates in an air strea 
against a small brass rod. 

Large pipes for bass notes, which wi 
formerly made almost always of wood, 
now being replaced by metal because 
better tonal qualities. 
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letters 


Induction Furnaces in Sheffield 


ONDON, EnGLanp — Apropos the leading ar- 
ticle on “Induction Furnaces Vs. Open 
Hearth” in the February issue, it may be of 


interest to American metallurgists to have some 


details of similar furnace installations which 
Electric Furnace Co., Ltd., has recently made. 

During the last two vears three new melting 
shops have been started in the Sheflield district. 
hese were built “from the ground up” for high 
frequency furnace work. In addition a large 
number of installations have been made in ex- 
isting steel works. 

The aspect of the three first-mentioned shops 
is rather unusual. The furnaces are contained 
in recesses at the front edge of the platform, 
and have no superstructure for tilting mecha- 
nism, so the platform is perfectly clean, and 
clear of obstruction. This is an important con- 
sideration in the manufacture of alloy steels, and 
it also decreases any risk of electric shock while 
working the furnaces. A longitudinal trench be- 
tween the furnace platform and the general shop 
floor contains a track for ingot molds or ladle 
ar. The motor-generator sets are situated in 
t special building about 100 ft. away, where the 
seneral conditions are similar to those of a mod- 
rh power station, and all air is filtered before 
entering the building. The machinery is oper- 
ted by a remote control panel near the furnaces, 
nd the condenser bank is under the floor. 
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New qualities of steel and new standards 
of purity are obtainable with such equipment, 
and the saving in electrodes, refractories, and 
labor gives a melting cost far below that of are 
furnaces, provided the production unit is of rea- 
sonable size. 

The idea that the use of the Ajax-Northrup 
high freyueney furnace is limited to small quan- 
lilies of very high priced steel is a fallacy, as 
five-ton units produce steel of the highest quality 
with the accuracy of a laboratory experiment 
on a reasonable production basis. 

The results of five consecutive heats of valve 
steels made in a 650-kw. furnace recently in- 


stalled near Shetlield are shown in the table. 


Date From Five Consecutive Heets 


/ntervel Power 
Ne Between |\Consumption 
é? 104 530 
28 101 522 
29 103 5 516 
350 708 5 536 
| 522 
Avereg e 7 0. & 5 2 


Power consumption includes all losses in- the 
electrical machinery. The low figure of 6 min, 
interval between heats (for casting, cleaning the 
furnace, and charging) is obtained by the im- 
proved tilting apparatus and methods of charg- 
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ing which we now incorporate in this type of 
equipment, 

The high frequeney furnace has already pro- 
duced new metals to improve our radio trans- 
formers and magnets. New standards of purity 
in nickel-iron allovs have been attained, which 
have increased seven-fold the speed of subma- 
rine telegraphy. New highly alloyed tool steels, 
and many steels containing aluminum have been 
introduced, but these advances seem to be only 
a beginning of what this new furnace should 
produce in the hands of the skilled steel maker. 

D. CAMPBELL 


Clean Steel Should Be Sounder 
Than Dirty Steel 


URIN, Trany 


ment upon recent letters, published in Mera 


May I be permitted to com- 


Progress, concerning the important problem of 
internal defects in large forgings? Messrs. Hou- 
dremont, Margerum and Benter believe that a 
misunderstanding arises because the word 
“fakes” has not been clearly defined, but in my 
opinion the misunderstanding depends more on 
facts than on their interpretation. 

The facts stated in my February letter to 
Mrral 
lo my personal (though rather extensive) prac- 
lice in the manufacture of gun forgings. After 


reading the very interesting and authoritative 


Progress were obviously limited strictly 


discussion from three eminent metallurgists, I 
have to admit that my never having found flakes 
in gun forgings made of really clean steel (but 
only in steels whose purity was not completely 
satisfactory) has been very peculiar; and, T may 
add, very lucky for me! 

But the facts T have stated have been con- 
firmed, without exception, by official tests (rec- 
ords of which still exist) on tens of thousands 
of tons of forgings; and, what is a still better 
confirmation, by the fact that not a single failure 
due to flakes has ever occurred in the guns made 
with those clean steel forgings — neither during 
or after the tests of finished guns, nor in actual 
war service. 

Therefore, it would be difficult for me_ to 
ascribe those facts to a mere coincidence. 

On the other hand, | notice the following 
sentences in Mr. Margerum’s letter: 

(a) “.... flakes were not a serious prob- 
lem in acid open-hearth gun steel melted in the 
plants of those firms with long experience in 
ordnance manufacture.” 

(b) “.... gun forgings of superior quality, 


made from basic electric steel, had been pri 


duced regularly in at least one plant befor 
Nlake-producing practice was introduced.” 

These statements should prove, at least, that 
clean steel can be normally free from flakes, any 
that this fact has been ascertained by other stee! 
works. These circumstances further confirm th: 
reality of the facts I have just stated. 

Taking into consideration only the facts | 
have constantly observed in my practice and 
confirmed by the practice of other important 
steel works, many of which I could quote, ij 
seems to me that one is necessarily led to thi 
conclusion that the impurities contained in stee! 
must greatly increase the tendency to the forma 
tion of flakes. 
in Mrrat Progress seems to confirm Ashdown’s 


However, the discussion published 


statement made in your issue of November, 1933, 


p. 15, that in many plants .. the steels mos 
susceptible (ice., to flake production) are the 
cleanest and most carefully made, thos: 
more tmmune are the dirty steels which on that 
show unsatisfactory transvers: 


account very 


physical properties.” (Italics are mine.) 

It is, therefore, evident that the differences 
of opinions on the problem of flakes do not de- 
pend on different interpretations of the same 
facts, but are due to great fundamental differ 
ences in the facts themselves, as they have been 
observed in different plants. No wonder that 
different facts lead to different explanations! 

While on other major points I quite agree 
with Mr. Ashdown’s opinions, as I have already 
stated in my February letter, T am still of th: 
opinion that some of the explanations offered 
by Mr. Ashdown are inconsistent with the facts 
I have constantly observed in my own practic 

It remains to discover the reasons for the 
fundamental differences of facts observed in dit 
ferent plants. This, for many obvious reasons. 
does not seem an easy problem. Perhaps a wa) 
toward the solution could be found in the sug 
gestion of Dr. Houdremont and Mr. Margerum 
That the facts observed in different plants should 
be better defined and more completely described 
It is my opinion that —in addition to a bette 
description of the defects that are to be consid 
ered as real flakes — it would be useful to detin 
exactly “clean” and “unclean” steels. 

Before closing this already too-long lette! 
I wish to call attention to the following points 

The admitted fact that flakes develop esp: 
cially along the joints or contacts between t! 
primary crystals, is evidently owing to an 1 
feriority of the physical properties of the me! 


METAL PROGRE: 


long these joints. Now, an increased quantity 
f impurities increases the inferiority of the 
hvsical properties of the metal precisely along 
i¢© joints where such impurities accumulate. 
herefore, it does not seem easy to explain how 
© impurities could have no influence on flakes, 
nd it seems still more difficult to explain how 
wcording to Mr. Ashdown’s statement — they 
could hinder or prevent the formation of flakes. 

In other words, if the impurities contained 
in steel do not promote or favor the formation 
of flakes, it will obviously be necessary to hold 
to one of the following three positions: 

1. To deny the fact (admitted by all metal- 
lurgists, including Mr. Margerum and Mr. Ash- 
down) that flakes are developed especially along 
the joints of primary crystallites where a con- 
centration of impurities always takes place. 

2. To admit that a concentration of impur- 
ities in a given region of a steel does not impair 
the metal’s physical properties in that region. 

5. To deny that impurities tend to accumu- 
late along the joints of primary crystals. 

I do not see any other possible hypothesis 
consistent with the statement that impurities do 
not favor the formation of flakes, and none of 
the above three seems to me to be tenable. 

Frepertco 


French Prefer the Term “Special Steel” 
ARIS, Franet If we admit that steel should 
be characterized by its elementary compo- 
sition, the definition of alloy steel becomes ex- 
tremely difficult, for the percentage limits must 
then be determined for the sundry elements at 
Which the properties are modified as compared 
to those of ordinary steels. 

But the problem seems to be more compli- 
cated still, at least in France, where the term 
special steel is in use. Special steels (acters 
pectaux) have not been sold and characterized 
oy analysis, but by trade mark and the mechani- 
il properties that may be obtained after a defi- 
‘ite treatment. It is believed that proper phys- 

al tests give security as to the mechanical 

roperties, and that the trade mark is a guaran- 
e as to uniformity, cleanliness, and utility 
short, for the quality of the steel. 

The intentional presence of alloying ele- 
ents in a definite and suflicient quantity is not 
garded by French metallurgists as the distine- 
ve characteristic of special steels, since blister 
eels and carbon tool steels are classed as spe- 


il steels even though they contain no excessive 
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quantity of usual elements (C, Mn, Si, S, or P). 

The mechanical properties and the quality 
of steel (which distinguish the special steels on 
the French market) are, in fact, obtained by 
heat treatment and the following factors: 

1. Intentional addition of definite elements 
supposed to have a favorable action, either spe- 
cial elements such as nickel, chromium, tung- 
sten, molybdenum, or vanadium, or the usual 
elements, carbon, manganese, silicon, in quan- 
tities exceeding those in ordinary steels, 

2. Contrariwise, the elimination or limita- 
tion of elements or compounds believed to be 
deleterious, such as sulphur, phosphorus, oxygen, 
or nitrogen. Such a refinement may be made 
by choice of pure raw materials and by the steel 
melting procedure. 

4. Manufacture of products as compact as 
possible, free from physical and local defects, 
such as pipe, segregation, flake, cracks, as by 
topping the ingot and by examining and clean- 
ing the surface. 

1. Uniformity of fabrication, which is ob- 
tained by manufacturing under close control. 

These last three factors (purity, soundness, 
uniformity) are the characteristics of fine steels 
or quality steels: the special steels belong to 
the same category and often contain elements 
especially added to modify the properties. 

From the standpoint of French practice tt 
therefore seems necessary to introduce the fol- 
lowing distinctions: 

1. Alloy steels (acters alliés), or steels con- 
taining special elements. This distinguishes them 
from carbon steels. 

2. Quality steels or fine steels, with a view 
to distinguish them from ordinary steels. 

Thus we might obtain (a) alloy steels (which 
would be both a quality steel and an alloy steel), 
(b) quality carbon steels, and (¢) ordinary steels, 
which might be plain carbon steels or which 
might even contain alloying elements. 

For such a double distinction it is naturally 
indispensable to have some arbitrary limits to 
separate these categories, for the special ele- 
ments called alloys may accidentally exist: in 
every steel in comparable amounts to those in 
certain complex steels where they were inten- 
tionally added. Such is the case for nickel, mo- 
Ivbdenum, tungsten, copper, or manganese. 
These elements may come from contaminated 
furnace linings or from scrap metal. Also, it 
would be impossible to mark with precision the 
moment when a steel becomes an alloy steel be- 


cause of its silicon and manganese content. 
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Likewise the limiting percentages of impur- 
ities like sulphur and phosphorus are equally 
arbitrary ones. It would also be impossible, just 
now, to fix a limit for other impurities such as 
oxygen, nitrogen, and their compounds. 

For this purpose the following conventions 
might be adopted: Alloy steels (or steels with 
special elements) might contain more than 1.0 


of manganese or silicon; more than 0.5‘ of 


nickel or tungsten; more than 0.25'. of chro- 
mium, copper, molybdenum, or aluminum; and 
more than 012°. of vanadium. 

Quality steels would limit sulphur and phos- 
phorus to 0.03°> maximum, to distinguish them 
from ordinary steels. 

Such discrimination corresponds as well as 
possible to the existing conventions and customs 
of France. ALBERT PORTEVIN 


A Low Alloy Rail for Arctic Railroads 


ORTMUND, Germany Last December 
Merrat ProGress printed a letter from Mr. 
Suslov on “Rail Failures in Siberian Winters,” 
wherein it is stated that the Tomsk Railroad, 
during severe winter weather with temperatures 
down to 50° F., experienced frequent rail fail- 
ures on account of brittleness. He then quotes 
a recent German investigation by Rottscher and 
Fink on the influence of temperature upon the 
notch toughness of low carbon steel, from which 
it follows that steels have been developed which 
have a satisfactory impact strength even at low 
temperatures. Special mention is made of the 
chromium-copper open-hearth steel, known as 
“Union structural steel” and developed in our 
laboratory at Vereinigte Stahlwerke, which when 
tested under the severest conditions still possesses 
a high notch toughness at low temperatures. 
Mr. Suslov’s conclusion, however, that rails 
made in the basic bessemer converter are in- 
ferior on account of their low impact strength 
at low temperatures cannot be accepted. First, 
it will be found that carbon steels made by other 
processes become as brittle, at those low tem- 
peratures, as basic bessemer steel. Furthermore, 
the Vereinigte Stahlwerke A.G. (proceeding from 
experience gained in the manufacture of the 
above-mentioned chromium-copper open-hearth 
stecl) has succeeded in developing a new, tough 
rail steel, which is manufactured in the basic 
bessemer converter. This new “Union rail steel” 
is a low alloy steel and is distinguished by an 
extremely high tensile strength and toughness 


especially at low temperatures. It is character- 
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Low Alloy Steel Has Far Superior Impact Strength 

at All Temperatures to High Carbon Steel Rail 


ized by a very low carbon content — less than 
0.2‘, —-and its needed physical properties and 
wear resistance are effected by small additions 
of relatively cheap alloying elements. The ten- 
sile strength is about 88,000 psi. and therefor: 
somewhat lower than in the usual carbon rail 
steel, but it has a very high vield point (60,000 
psi.) and an elongation of about 20° on 10 di 
ameters. As shown on the accompanying dia 
gram, it has an impact strength three or fou 
times higher than the plain carbon rail stee!, 
and retains this advantage at low temperatures 
The curves represent the mean values of nu 
merous tests. remarkable and o! 
great practical importance is its superiority | 
low 70° F. 

The danger of rail fractures, therefore, dui 


Especially 
(temperate atmosphere). 


ing the winter season, especially in a cold climat: 
like Siberia’s, may be regarded as_ practical!) 
eliminated. Furthermore, the high notch toug! 
ness of “Union rail steel” is of advantage in tly 
drop test for inspecting rail steel. Thus, whe! 
struck with a 1000-kg. weight falling from di! 
ferent elevations upon rail sections about 1 1! 
long, this low alloy rail not only fulfills the spe: 
fications of any country, but exceeds them 100 

Three winters ago the German State Railw 
laid sample rails at several places where sev 
conditions exist; the rails have stood the & 
of service excellently in every regard. 

E. H. 
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the Reason for the Success 
of Cc rystolon Hearth Plates 


ABILITY to withstand continual operation at high temperatures 


ABILITY to support heavy loads at operating temperatures 
ABILITY to transfer heat rapidly 


ABILITY to withstand abrasion 


NORTON Ij IS because Crystolon (silicon car- 


bide) Hearth Plates have ability . . . 


because the qualities listed are inherent to 


REFRACTORIES 


\ 


a high degree, that these refractories are 
operating successfully in many plants un- 
der the most severe conditions . . . and 
operating for extremely long periods. 

It will pay you to use Crystolon Refrac- 


tories in your heat treating furnaces. You'll 


NORTON COMPANY 


WORCESTER, MASS. like the way they improve performance 
New York Chicago Cleveland and reduce costs. 
R.484 
NORTON PRODUCTS — Grinding Mact nes; Lapping Machines # Grinding Whe« Aor 
ndia Oilstones, Pulpstones # Laboratory Ware, Refractories; Porous Plates * Non-slig es and A 
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No other high-strength non-rust metal has 
been so widely accepted in so short a time 
ELDOM a week goes by but draw, spin, stamp, forge and press. 
Everdur finds a new use or solves And it can be worked either hot 
another metal problem. or cold. 
\ copper-rich alloy, Everdur pos- Everdur may be readily welded 
sesses so many desirable properties by all commonly used methods— 
that it is considered ideal for hun- both gas and electric. 
dreds of diverse uses throughout in- Everdur is supplied in all com- 
dustry . Here are some of the reasons: mercial forms... sheets. wire, rods, 
Everdur combines the corrosion- tubes, casting ingots, hot pressed 
resistance of copper with the parts and special wrought shapes. 
strength of medium carbon steel... Detailed information on the physi- 
the dream of generations of metal cal properties and corrosion-resis- 
workers. tance of Everdur is contained in 
Everdur is ductile... possesses Publication E-2. The welding prop- 
| high fatigue limit...good machine- — erties of Everdur, and methods of 
| ability. procedure, are discussed in detail in 
Everdur is non-magnetic and non- Publication E-1. kither or both book- 
r sparking. It is easy to cast, roll, lets gladly sent on request. | 
! EVERDUR METAL: “Everdur” is a registered trademark identifying products of 
| The American Brass Company made from alloys of copper, silicon and other elements. 
A FEW DIVERSIFIED USES OF EVERDUR METAL: 
HH Air Conditioning Equipment; Brew Kettles: Circuit Breaker Domes; Connec- 
| it tors for Wire and Cable; Diaphragms: Ducts; Fans for Corrosive Vapors: = ae | 
1 = Electrical Metallic Tubing; Gasoline and Oil Lines; Grave Vaults; Heat at — 
Exchangers; Hot Water Storage Tanks: Marine Fittings; Oil Well Equipment: 
Pole Line Hardware; Process Tanks; Pumps; Sewage Works Equipment; 
: Smoke and Soot Washers; Springs: Valves; Welding Rods 


THE AMERICAN BRASS COMPANY 


General Offices: Waterbury, Connecticut 


Anacon pA 


from mine Yo consumer Offices and Agencies in Principal Cities 
In Canada: ANACONDA AMERICAN BRASS LTD.. New Toronto, Ontario 


ANACONDA COPPER AND BRAS* 
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New... 
Steel Treating Book 


Discusses Effect of Temperature in 


Cyanide Heat Treating 


@ The illustrations at the left are photomicrographs of 
“cases” produced on steel in a molten evanide bath, at 
temperatures of 1300, L400, 1450. 1500. 1550. 1600 and 


1650° F. (top to bottom). All represent a l-hour treatment. 


¢ These illustrations are reproduced from the section on 
factors which influence the cyanide case, in the recently 
revised booklet, “Manual for Heat Treating Steels with 
Du Pont Cyanides and Salts.” The present issue of this 
booklet has been completely revised since its previous 
printing in 1932, and contains many new sections. It has 


been prepared in a size 82x LL inches, suitable for filing. 


@ Sections in the new book are devoted to Case Hardening: 
Reheating; Mottling: Nitriding; Tempering, Drawing and 
Annealing: Properties of Cyanides: Methods of Analysis: 


and general tables for the heat treater. This information . 
has been compiled expressly for the metallurgist and heat 
treater. A 


Write for your copy... no obligation 


RIL Chemicals For Steel Treating 
THE R. & H. CHEMICALS DEPT. 


Ek. 1. DU PONT DE NEMOURS & CO., INC. 
WILMINGTON, DELAWARE 


GENTLEMEN: Please send me a copy of the revised “Manual for Heat Treating Steels 


with Du Pont Cyanides and Salts.” | 
| 


I am particularly interested in treating 
Kind of Steel 


Name 
Position 
Company 


é 1ddress 


1934 51 


38 Ba? 
— 
x 
Ne’: 
| 
| 


Radiograph of Longitudinal Crack in Casting 


Here’s Proof... 


That + Thermalloy \-Rayed Castings 


ee 


are Worthy of Your Consideration. 


The above crack, disclosed by “X-Ray 
Inspection” before shipment has saved 
a customer many hours of “shut-down” 
expense, replacement and installation 
charges. . . . . It is only one of the 
additional services rendered to you by 


THERMALLOY 


Inspection Methods. 


FEW TYPICAL THERMALLOY ANALYSES 


Grade Nickel Chrome 
Thermalloy “A” 63.0-05.007 18-20.06; 
38.0 120 16.200 
OLLo 20 30.0 
1.0.6.0 12 300 
7.5-12.5 27-30.0 


Why Not 


Investigate? 


ELECTRO ALLOYS CO. 


ELYRIA, OHLO 


THE 
4 


L919 


“Quality” 


X-RAYED CASTINGS FOR 
HEAT CORROSION 


Castings Since 
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ARTICLES WORTH READIN 


Blast Furnaces & Operations 


Blast Furnace Practice, (Report for British |; 
& Steel Institute), Engineer, June 8, p. 575 
Blast Furnace for a Bessemer Plant, Iron & Coal Trades 
Review, June 1, p. 891.... : 4 Blast Furnace Nearly 206 
Years Old, C. H. Vivian, Iron & Steel of Canada, M 
June, p. 40. Blast Furnace Linings, A. T. Gre: 
(Paper for British Iron & Steel Institute), Iron & Coa! 
Trades Review, June 1, p. 879. 

Interactions of Gases and Ore in the Blast | 
nace, W. A. Bone and H. L. Saunders, (Paper { 
British Iron & Steel Institute) Iron & Coal Trades Re- 
view, June 1, p. 875. 


Steel Melting & Rolling 


Statistical Analysis of Steel Plant Problems, W. C. 
Chancellor, Paper for American Society for Testing 
Materials Technical Reasons for “Extras” on 
Steel Prices, L. S. Marsh, Paper for American Iron & 
Steel Institute. 

Melting High Speed Steel in Induction Furnac: 
Peter Bardenheuer, Steel, May 28, p. 45 . . Electri 
Furnaces in Steel Works, E. Morgan, Electrical hy 
view, June 1, p. 792 . . High Grade Steel Production, 
Electrical Review, June 1, p. 791. 

Steel Ingots, N. H. Bacon, Iron & Steel Industry, 
June, p. 309 . Manufacture of Rimming Steel, \ 
R. Fleming, Transactions, American Society for Metals 
June, p. 532. 

Steel Rolling Mills, Electrical Review, June 1, p 
797 . . . . Twin-Motor Drive Aids Steel Rolling, L. M 
Gumm, Electrical World, June 2, p. 804. 

New Semi-Continuous Light Bar and Strip Mill 
Iron & Coal Trades Review, June 1, p. 888 
Manufacture of Full-Finished Steel Sheets, E. R. Mart, 
Iron & Coal Trades Review, June 1, p. 883, June &, | 
926... . Steel Strip Descaling Now Automatic, H. 


Raymond, Electrical World, May 26, p. 770. 


Stainless & Corrosion Resisting Steels 


Some Notes on Corrosion Resisting Alloys, H. S« 
mour, Chemical Age, June 2, p. 35 . . Heat Resist 
ing Castings, F. A. Fahrenwald, [ron & Steel Enginee! 
May, p. 186 . Nickel-Chromium Steel Firebars | 
an Anthracite Open Fire, Thos. Barratt, Iron & Stee! 
Industry, June, p. 287. 

An Unusual Valve of Silerome and Molybdenu 
J. B. Meriam, Industry & Welding, May, p. 14. 

Drawing and Polishing Stainless Steel, R. F. Jo! 
ton, Machinery, June, p. 589. 

Welding of Stainless and Clad Steels, E. V. Sehi 
Welding, May, p. 193 he Welding of Aust 
Chromium-Nickel Stainless Steels, H. Harris, Weld 
Industry, April, p. 72. 

Centrifugal Casting of Duriron, Edwin Bre 
Steel, June 11, p. 54. 


Corrosion Studies 


Mechanism of Metallic Corrosion, U. R. FE) 
Transactions of the Faraday Society, May, p. 
aa Second Report of the Corrosion Comn 
(British Iron & Steel Institute), Iron & Coal 1 
Review, June 1, p. 881. . . The Corrosion Pro! 
With Respect to Iron and Steel, F. N. Speller, A.! 
Tech. Pub. No. 553, Metals Technology, June 
The Assessment of Corrosion Damage, A. S. 
Industrial Chemist, May, p. 170. 

(Continued on page 56) 
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\ir for Furnaces 
Users of gas or oil-fired furnaces 
ow the necessity for a depend- 
je source of large volumes of air 
low pressures. A generously il- 
istrated folder of Spencer Turbine 
shows why their Turbo-Com- 
essors give unfailing, economical 
ir service. Bulletin Mr-70. 


New Tempering Furnace 

American Electric Furnace Co. 
has a new, low-priced electric air 
tempering furnace. It heats to 600° 
F. in 5 min. and to 1000° F. in 15 

in., transferring heat to work 50 
times faster than still air and 6 
times faster than salt. Bulletin 
Mr-2. 


Optics in Metallurgy 


Many uses for optical instruments 
in metal working are described in 
a new booklet of Bausch & Lomb 
Optical Co. Photomicrography is 
prominent, but this well illustrated 
booklet shows many other inter- 
esting optical instruments. Bul- 
letin No-35. 


11 Stainless Steels 

Pertinent facts on 11 different 
types of Bethadur and Bethalon cor- 
rosion resisting steels are presented 
in a 40-page Bethlehem Steel Co. 
booklet. Advantages and limitations 
of each type are frankly presented. 
Bulletin Fb-76. 


Sheffield Steels 


Wim. Jessop & Sons, Inc., have a 
booklet which tells why a special 
inneal and a proper balancing of 
carbon, manganese tungsten 
combine to make Sheffield Superior 
il hardening steel non-distorting 
and easily machinable. Bulletin 
Jn-61, 


Testing with Monotron 


Shore Instrument & Mfg. Co. of- 
fers a new bulletin on Monotron 
hardness testing machines which 
function quickly and accurately un- 
der all conditions of practice. Bul- 
letin Je-33. 


Quenching Handbook 


Ek. F. Houghton & Co. have pub- 
lished an excellent 80-page hand- 
book on the subject of quenching. 
More than 30 charts and photomi- 
crographs help tell the story. A 
copy will be sent free to those who 
request it. Bulletin J1-38. 


Heat Treating Manual 


\ folder of Chicago Flexible 
Shaft Co. contains conveniently ar- 
inged information on heat treat- 
“ equipment for schools, labora- 
ries and shops, and also illustrates 
several types of Stewart indus- 

ial furnaces. Bulletin Ar-49. 


18-8 Steels 


Republic Steel Corp. pre- 
red a new 16-page booklet giv- 
up-to-the-minute data on En- 
ro 18-8 stainless steels includ- 
“ their several special analyses. 
ithentic metallurgical and fabri- 
ting information is given. Bul- 
tin Je-&, 
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High Nickel Castings 


International Nickel Co. offers a 
useful and attractive booklet on 
castings of pure nickel, monel, In- 
conel, Everbrite and nickel silver, 
describing the proper uses of these 
castings in mechanical, corrosion 
resisting and decorative applica- 
tions. Analyses and properties are 
given. Bulletin Mr-45. 


X-Rayed Alloy Castings 


Electro Alloys Co. describes their 
X-Ray inspection of Thermalloy 
heat resisting castings for high tem- 
perature work. Considerable data 
on the use of X-Ray tubes and 
“radon” capsules to check foundry 
practice are presented. Bulletin 
Oc-32. 


Thermit Welding 


Metal & Thermit Corp. offers a 
new booklet showing all the pos- 
sibilities of Thermit welding, ex- 
plaining the action, and telling in 
detail how representative Thermit 
welds can best be made. Well illus- 
trated and clearly written. Bulletin 
Ar-64, 


Heat Treating Machine 


A new continuous machine for 
atmosphere heat treating is covered 
by an American Gas Furnace Co. 
bulletin. A variety of treatments 
may be performed by passing dif- 
ferent atmospheres through the 
muffle. Description is complete and 
interesting. Bulletin Jr-11. 


Manual of Pyrometry 


Brown Instrument Co. offers an 
elaborate manual which describes 
the 50 exclusive features of their 
potentiometer pyrometer. The book 
will greatly interest those who must 
maintain accurate’ temperature. 
Bulletin Jr-3. 


Blast Cleaning 


A rugged blast cleaning cabinet 
for rapidly cleaning small work is 
described in a recent folder of 
Pangborn Corp. Full information 
on the operation of this machine 
is presented; many drawings and 
pictures are included. Bulletin 
Je-68. 


Heat Controller 


As a companion instrument to 
their new indicating pyrometer, 
Foxboro Co. has introduced a new 
and inexpensive temperature con- 
troller which is dependable and 
easy to operate. Close control of 
temperatures is possible. Bulletin 
Mr-21. 


Carburizing Boxes 


Driver-Harris Co. devotes a folder 
to Nichrome cast carburizing boxes. 
Physical properties at room tem- 
perature and under operating con- 
ditions are given, as are the advan- 
tages of Nichrome castings for such 
service. Bulletin Jr-19. 


Controlled Steels 


Carnegie Steel Co. has published 
a very interesting booklet which 
describes in some detail the process 
control used in the production of 
uniform steels. Bulletin Je-85. 


Cold Drawn Shafting 


Union Drawn Steel Co. has an 
interesting and attractive booklet on 
cold finished shafting. The com- 
plete story of its manufacture is 
told, and recommendations for spe- 
cific applications are given, Bul 
letin Ar-83. 


Homo Tempering 


Leeds & Northrup Co. introduces 
a specialized Homo furnace for 
tempering heavy, dense loads of 
small articles. Production can be 
multiplied as much as four times. 
Complete description is given in 
Bulletin Je-46. 


Uses of Molybdenum 


Climax Molybdenum Co. offers a 
useful 50-page booklet showing the 
benefits conferred by alloying mo- 
Ivbdenum with iron and steel. The 
engineering data presented are 
made clear by many tables and il- 
lustrations. Bulletin Au-4. 


Roll Grinding 


Carborundum Co, has published a 
50-page handbook on roll grinding 
containing a great store of infor- 
mation on this subject. Carefully 
written and illustrated, this treatise 
has real practical value. Bulletin 
\u-37. 


Metal Progress 
7016 Euclid Ave., Cleveland 


Please have sent to me without 


charge or obligation the following 


Literature described in the July issue. (Please order by number only.) 
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ACTIVITY 


AND 


STREN GTH 


CHAR PRODUCTS 
MERCHANTS BANK BUILDING 


Columbia 


TOOL STEEL 


MAAXITE is a Cobalt 
Super High Speed 
Steel for difficult metal 
turning applications 
where high production 
must be maintained. 


It has maximum cut- 
ting capacity with 
unusual strength. 


* COLUMBIA TOOL STEEL COMPANY 
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MAIN OFFICE ANO WORKS 


500 E. 14TH STREET. CHICAGO HEIGHTS. ILLINOIS 


ARTICLES WORTH READIN 


Soil Corrosion Conference, Gas Age-Record, M 


26, p. 511. . . . Design and Protection of Pipe Lin: 
K. H. Logan, Paper for American Society for Testi 
Materials . . . . Effect of Chemical Treatment of W: 


Fluid on Tubing Corrosion, W. F. Rogers, Oil & Gas 
Journal, May 24, p. 14. 

Corrosion of Iron and Steel in Power Plants, A, 
B. Owles, Electrical Review, May 18, p. 697 
Corrosion at Contact With Glass, R. B. Mears, Trans 
actions of the Faraday Society, May, p. 417 . . 
Corrosion of Zine in Chloride Solutions, C. W. Bor 
mann & U. R. Evans, Metallurgia, May, p. 22 . 
Corrosion of Tin and Its Alloys, T. P. Hoar, Journ: al « 
the Institute of Metals, May, p. 201. 


Cleaning & Electroplating 


Cleaning Prior to Plating, R. J. Piersol, Metal 


Cleaning & Finishing, May, p. 229 . . . . Modern 
Pickling Practice, H. G. Hobbs, Iron Age, June 14, 
p.13... ..A Simple Acid Cleaning Plant, Wire, June, 
p. 174. 


Chromium Plating in the Pulp and Paper Industry, 
D. H. Bissell, Paper Industry, June, p. 174 . . . 
Electrodeposition of Tin, A. W. Hathersall, Metal | 
dustry (British), May 18, p. 517 . . . . Equipment 
Used in Electroplating, W. A. Koehler, Metal Cleaning 
& Finishing, May, p. 219. 

Sprayed Metal Coatings, R. L. Binder, Welding 
May, p. 195 . . . . Finishing of Sheet Metal by D« 
calcomania, S. P. Wilson, Steel, June 4, p. 28. 


Testing & Methods 


Non-Destructive Tests, E. C. Rollason, Metallurgia 
May, p.9.. . X-Ray Inspection of Welds, Welding 
Industry, May, p. 115 . . . . X-Ray Examination of 
Metal Defects, L. E. Abbott, Iron Age, May 24, p. 13. 

Testing Sheets for Stability After Aging, R. L. 
Kenyon, Paper for American Society for Testing Ma 
terials . . . . Comparison of Two Methods of Cree; 
Testing, A. E. White, Transactions, American Society 
for Metals, June, p. 481 . . . . High Speed Fatigue 
Testing Machine, G. N. Krouse, Paper for America 
Society for Testing Materials . . . . Wear Testing 
Cam Rolls, Iron Age, June 14, p. 16. 

Accurate Measurement of Strain, R. L. Templi 
Paper for American Society for Testing Materials. 

Accelerated Tests of Paints for Steelwork, W. P 
Dighy, Engineer, June 8, p. 586. 


Light Alloys 


Light Alloys for Aeronautical Purposes, Lesli 
Aitchison, Journal of the Royal Aeronautical Societ) 
May, p. 382... . . Aircraft and Aircraft Engines, 8 
port, dated April 10, of Sub-committee on Aeronautl 
to House of Representatives. 

Electrodeposition of Aluminum, R. D. Blue, Met 
Industry (British), June 1, p. 565 . . . . Alumiu 
Polishing, Metal Industry, June, p. 198 . . . . Pro! 
tion and Decoration of Aluminum by Anodic Tre 
ment, S. Wernick, Industrial Chemist, May, p. 179. 

Corrosion and Protection of Magnesium and 
Light Alloys, G. D. Bengough, Journal of the Re 
Aeronautical Society, May, p. 413. 


Non-Ferrous Metals 
Studies in the Metallurgy of Copper, Bureat 


Mines Report of Investigations 3228 . . . . 1 
(Continued on page 58) 
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FOR PRECISION AND SPEED IN THE PREPARATION OF 
METAL SAMPLES FOR MICRO-ANALYSIS 


GUTHRIE: LEITZ 


Automatic 


POLISHING 
MACHINE 


ONE- TWO- 
and FOUR 
SPINDLE 
Models 


Tu E “Guthrie- 


Leitz” Automatic 
Polishing Ma- 
chine is designed 
to reduce toa 
minimum all of 


the various fac- 
tors through 
which the prepar- 
ation of metal 
samples by hand proves so undependable. By means of a magnetic hold- 
ing and oscillating device, all elements of human equation are eliminated. 
With this machine, it is possible to measure the pressure, speed, time, 
amount of abrasive, etc., thus saving time and labor and making it 
possible to entrust the preparation of even research samples in the 
hands of an unskilled operator. 


An outstanding feature of these Polishing Machines is that the 
specimen can readily be removed for examination during oper- 
ation. Write for Literature: 

Catalog No. 1196 **Guthrie-Leitz”’ Automatic Polishing Machine 


E. Leitz, Ine. 


CHASE 
The ideal metal for bolts. screws 
and nails because it combines 
high strength with excellent 
corrosion resistance. 


For literature write to: 


CHASE BRASS & COPPER CO. 
WATERBURY, CONN. 


ULY, 1934 


re 


160 YEARS EXPERIENCE 


TOOL STEEL 


OF THE 


FINEST QUALITY 


Playing a part in history of the 
world for over a century and a half 
with an inspiring trade record. 


Wm. Jessop & Sons 


1774 Incorporated 1934 
NEW YORK BOSTON TORONTO CHICAGO 


121 Varick Street 163 High St 59 Frederick 1857 Fu 


Agencies and stocks throughout the United States 


WITHOUT 
QUALITY 
COMPETITION 


OLDEST and LARGEST 
EXCLUSIVE MANL.- 
FACTURER OF HEAT 
AND CORROSION RE- 
SISTANT ALLOY 


CASTINGS | 


GENERAL ALLOYS CO. 


BOSTON CHAMPAIGN 
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JESSOP'S 

| STEELS 

— 

UP UNDER q | 
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ELECTRIC FURNACES 


CLEA N Your 


Carburizing Department — 


— Do away with compounds and dust — 


— Have white painted walls in your carburizing room — 


— Use the Vertical Retort Furnace in your production line— 


The installation of the Hevi-Duty Vertical Re- 
tort Furnace using the ‘‘Carbonol”’ process of 
carburizing, will enable you to keep your Car- 
burizing Department free from dust and dirt. 


Packing compounds which require storage space 
and increase the fire hazard are not used. Free- 
dom from dust betters the working conditions and 
prolongs the life of other machinery in the pro- 
duction line. 


“Carbonol’’, a carefully blended carburizing 
fluid, is placed in a cup of ample capacity 
above the furnace cover, dripped into the hot re- 
tort holding the charge and the resulting gas is 
uniformly distributed by means of a fan. 


The ‘Carbonol” process in general takes one-half 
the time at one-half the cost of pack carburizing. 


Write for descriptive literature . . Bulletin No. 931. 


TRADE MARK 


REG. U.S PAT. OFF 


HEAT TREATING FURNACES 


ELECTRIC EXCLUSIVELY 


HEVI DUTY ELECTRIC CO. 


MILWAUKEE, WIS. 


ARTICLES WORTH READIN( 


tefining of Copper, Metallurgia, May, p. 13 
Copper Wire Drawing, A. G. Arend, Metal Industry 
(British), June 8, p. 579 . . Carbon Arc Welding of 
Copper, Ira T. Hook, Industry & Welding, May, p. 4 
: Welding of Copper, J. F. Springer, Metal In- 
dustry, June, p. 205. 

Testing the Drawing Properties of Rolled Zine 
Alloys, E. H. Kelton, A.I.M.E. Tech. Pub. No. 545, Metals 
Technology, June. 

Nickel Parts Made From Powder, Engineering 
Progress, May, p. 96. . . . Some Properties of Heavily 
Cold Worked Nickel; H. Quinney, Journal of the In- 
stitute of Metals, May, p. 215. 

Recent Developments in Lead, Metallurgia, May, 
p. 1... . . Impurities in Solder, C. L. Barber, Indus- 
trial & Engineering Chemistry, June, p. 685. 

Bronze Bearing Alloys—Their Properties and Ap- 
plications, C. H. Leis, Product Engineering, June, p. 
202. . . . Thermal Expansion of Bearing Bronzes, 
Peter Hidnert, Bureau of Standards Journal of Re- 
search, March, p. 391. 

Press Casting Brass and Other Copper Base Alloys, 
Charles Pack, Metal Industry, June, p. 199 , 
Studies in Cast Bronzes, F. W. Rowe, Foundry Trade 
Journal, June 7, p. 363 . . Cast Red Brass, C. M. 
Saeger, Jr., Foundry, June, p. 20. 


Heat Treatment & Furnaces 


Hardening, F. B. Foley, Canadian Chemistry & 
Metallurgy, May, p. 112 . Present Status of Age 
Hardening, R. H. Harrington, Transactions, American 
Society for Metals, June, p. 505 . . Magnetic Trans 
formation in Carbon Steels During Quenching, I. N. 
Zavarine, A.I.M.E. Tech. Pub. No. 548, Metals Tech- 
nology, June . . . . Observing Formation of Martensite 
in Certain Alloy Steels at Low Temperatures, O. A. 
Knight, A.I.M.E. Tech. Pub. No. 537, Metals Technology, 
June. 

Electric Bath Furnaces, S. Z. Owen, Electric Jour- 
nal, June, p. 224. . . Diffusion Combustion Heating 
Furnace, C. A. Blesch, Western Machinery & Steel 
World, June, p. 166 . . Furnaces in Plant for Bolts, 
Screws, and Rivets, J. B. Nealey, Industrial Gas, June, 
p. 17. 

Refractory Heat Insulation, H. M. Christman, Iron 
Age, June 14, p. 25 . . Influence of Refractories on 
Furnace Design, E. C. Lloyd, Steel, June 4, p. 43. 


Tools 


Life of Turning Tools as Influenced by Shape, ©. 
W. Boston, Transactions, American Society for Metals, 
June, p. 547 . . . Cutting Tool Performance Tests at 
University of California, N. F. Ward, Western Ma 
chinery & Steel World, June, p. 163. 

Carboloy Manufacturing Process, J. S. Hines, Wes! 
ern Machinery & Steel World, June, p. 169. 

Manufacture and Uses of Tool Steels, H. B. Chan 
bers, Iron & Steel of Canada, May-June, p. 35. 

Making Razor Blades, Electrical Review, June 
p. 796. 


Alloy Steels 


Alloy Steels in Industry, H. C. H. Carpenter, He 
Treating & Forging, May, p. 227 . . Steels for He 


Treated Gearing, T. R. Rideout, American Machin! 


May 23, p. 376 . A New Alloy for Springs, H: 


Treating & Forging, May, p. 243. 
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